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OBSERVATIONS CONCERNING THE GROWTH AND METABOLIC 
ACTIVITIES OF MYXOCOCCI IN A SIMPLE PROTEIN-FREE 

LIQUID MEDIUM 

ALBERT E. OXFORD 

Division of Biochemistry, London School of Hygiene and Tropical Medicine, University of 

London, England 

Received for publication September 25, 1946 

Although a great deal seems to be known concerning the mode of growth of 
myxococci upon solid media (for a summary of existing knowledge see, for 
example, Knaysi, 1944) there is surprisingly little information in the literature 
about their propagation and metabolic activities in homogeneous, chemically 
defined liquid media. Attention has recently been paid to their ability to grow 
upon and lyse eubacteria in suspensions of known electrolyte content (Singh, 
1946). The lysis of dead eubacteria under these conditions seems to be chiefly 
due to exocellular proteolytic enzymes elaborated by the swarming myxococci, 
but Singh (1946) has proved that fully viable eubacteria are in certain instances 
also lysed. It is therefore possible that myxococci may sometimes produce true 
nonenzymic antibiotic substances, capable of killing viable eubacteria and thereby 
rendering them susceptible to lysis. In a search for these hypothetical anti- 
biotic substances some typical myxococci have now been grown in a homogeneous 
protein- and polysaccharide-free mediiun of simple composition in which amino 
acids provided the sole source of both carbon and nitrogen. As anticipated, the 
occurrence of at least one antibiotic substance of considerable activity has been 
demonstrated, and its separation in the monamino-monocarboxylic acid fraction 
is described. Some observations, which appear to be new, concerning the 
peculiar mode of growth of myxococci in homogeneous liquid media are also 
recorded. 


EXPERIMENTAL 

1. Cultures and method of assay for antibacterial 'potency. Among a dozen 
cultures of myxococci and related chondrococci obtained from the Department 
of Soil Microbiology, Rothamsted Experimental Station, four of the former and 
one of the latter could be grown in the simple amino acid medium described in 
section 4. Only two of these, however, were of sufficient biochemical interest to 
warrant further investigation at the moment — namely, two distinct strains of 
Myxococcus virescens (Bergey et al., 1939), one of which, strain A, produced an 
antibiotic substance, and the other, strain G, secreted an active gelatinase but no 
antibiotic substance. 

Antibacterial activity was measured by the serial dilution method using 
Staphylococcus aureus (Heatley strain; N.C.T.C. no. 6571) as the test organism. 
The usual series comprised the following dilutions: 5, 14, 40, 70, 85, and 125, and 
was made up by adding 1.0, 0.3, and 0.1 ml of clear metabolic solution, re- 
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spectively, to 4-ml quantities of heart broth containing no added sugar, and then 
transferring 1.0, 0.8, and 0.5 ml, respectively, from the second tube to further 
4-ml quantities of heart broth. One loopful (0.004 ml) of a well-shaken and 
1,000-fold-diluted 20-hour culture of S. aureus in heart broth was used to inocu- 
late each tube, and readings were made after 1 and 2 days’ incubation at 37 C. 

2. Measurement of gelatinase activity. Accurate determination of the absolute 
gelatin-liquefying power was not deemed necessary in this investigation (see 
Haines, 1932, for a discussion of the difficulties involved in such determinations). 
All that was required was a quick method for assigning the correct relative 
gelatinase activities to the various members of a series of preparations put up at 
the same time. The following method, which required no special media or 
apparatus, was found to be adequate: Ordinary sterile 12 per cent nutrient 
gelatin medimn, as used for bacterial stab cultures (8-ml lots in 6-inch test tubes) 
was first completely hquefied by slowly heating to 45 C in a water bath. The 
flame was then removed and cold water added to the bath to reduce the temper- 
ature to 40 C. When the temperature had further fallen to 37 C by ordinary 
cooling, 1.0 ml of the clear metabolic liquid under test was added to 8 ml gelatin 
and the tube well shaken. Three drops of chloroform were then added, and the 
whole was well shaken again to saturate the gelatin with clfloroform. The series 
of tubes so prepared (each specimen being tested in duplicate) was immediately 
transferred to the cold room for 15 minutes for the gelatin to set, then it was 
incubated at 24 C, and readings were taken after 6 and 24 hours. Good lique- 
faction required 6 hours or less; moderate liquefaction required overnight in- 
cubation. Control tubes containing 1.1 ml of uninoculated medimn invariably 
remained firm even after several days’ incubation. 

3. The maintenance of fruiting cultures of myxococci on a solid medium of simple 
composition. It is well known that myxococci do not in general form fruiting 
bodies on ordinary nutrient agar, and that the vegetative bacterial growth on this 
medium, being liable to autolysis within 10 to 15 days and being also tenaciously 
adherent to the agar before autotysis, is not very suitable for the inoculation of 
liquid media. Contrary to expectations aroused by the literature, the species 
here studied did not need special decoctions of dung or of eubacterial cells in order 
that a supply of long-lived cultures, containing both fruiting bodies and swarm- 
ing rods, might be maintained. The organisms gave scanty but typical growth, 
with numerous fruiting bodies, on slopes of sucrose Czapek agar of the following 
composition: sucrose, 0.5 per cent; NaNOa, 0.2 per cent; K2HPO4, 0.1 per cent; 
KCl, 0.05 per cent; MgS04-7H20, 0.05 per cent; FeS04-7H20, 0.001 per cent; 
and agar, 2 per cent. When an inoculation was made at the top of such a slope, 
swarming invariably took place at 24 C — ^most evenly when the surface of the 
agar was dry — with abundant production of tiny fruiting bodies, usually well 
behind the advancing edge of growth, which could easily be detached from the 
medium, either by striking gently with a loop or by shaking with a little sterile 
water. The bacterial growth was very thin indeed and traveled at so slow a rate 
that weeks elapsed before a 2-inch-Iong slope was covered. The practice has 
been to use almost the whole of the growth on a 3- or 4-week-old slope at one 
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time, in order to inoculate two or three tubes of liquid medium, each receiving 
the growth from an equal area on the slope. "ViTiat was left of the growth 
was finallj’- transferred to another sucrose Czapek agar slope. In this way an 
adequate supply of viable growth for the inoculation of liquid media at any 
time could be maintained. For larger voliunes of liquid medium (100 ml or 
more) the whole grovdh from a slope was used as inoculum, after emulsification 
in a little sterile water. 

4. Composition of the simplest liquid medium which will support growth of 
myxococci. Attempts to grow myxococci in liquid media with a sugar as the 
source of carbon, together with inorganic nitrogen, failed completely. Even 
with the amino acid medium described below, the addition of glucose or sucrose, 
sterilized separately, did not result in any increase of growth or production of 
characteristic metabolic products, such as an antibiotic substance or gelatinase. 
The sugars appeared to remain unfermented, even when good growth took 
place. 

After many trials a basal medium was hit upon which would allow a just 
perceptible development of a film of growth of M. airescens A at 24 C, with a 
correspondingl 3 ' small but detectable production of antibacterial acthdty in the 
metabolic solution, i.e., when 1.0 ml of the clear supernatant after a week’s 
incubation was added to 4 ml of heart broth. This basal medium had the 
following composition; asparagine, 0.44 per cent; total acid hydrolysate of 
casein free from poljqDeptides and carbohydrates (in powder form as supplied 
by Glaxo Laboratories, Ltd.), 0.06 per cent; K 2 EQ’ 04 , 0.4 per cent; NaCl, 0.2 
per cent; and MgSOi-THjO, 0.02 per cent. It had a pH of 7.8, and had not the 
slightest inhibitory effect upon the growth of Staphylococcus aureus when it was 
added to heart broth to the extent of 30 per cent. In exploratory experiments 
5-ml quantities of this filtered medium in 6-inch test tubes were sterilized by 
steaming, and after inoculation the tubes were well shaken and incubated in a 
sloping position for the reason mentioned in section 5b. To render the growth 
more evident, after decantation of the supernatant and washing once with dis- 
tilled water,itwas stained with filtered 0.1 per cent methylene blue for 10 minutes, 
again washed, and the tube allowed to drj>- at room temperature in an inverted 
position. The extent and intensity of the blue stain in the lower part of the 
tube was a measure of the fihnlike growth of the myxococcus, all of which usually 
adhered to the glass. Although microcysts were formed in abundance in 14 
days, the production of macroscopic fruiting bodies was observed imder these 
conditions with M. virescens G onlj^ The growth on submerged glass may 
therefore sometimes be different in appearance from that on agar. 

Myxococci may be maintained in serial cultivation in this liquid medium 
provided the sowing is made from a culture at least 2 weeks old and that the 
growth is first thoroughly broken up by shaking in order to obtain a suspension 
of free microcj’^sts. f\Tien in doubt, a stained preparation should be made from 
a loopful of the well-shaken culture. 

There was no e\’idence that the asparagine in the foregoing basal medium 
served as a nutrient or was fermented. The change in pH and the production of 
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ammonia was trifling even when the growth was good (see below). As far as 
could be judged, all metabolic solutions gave as intense a bluish-purple color with 
copper sulfate and caustic soda under the conditions of the biuret test as did the 
unsown medimn. This color which is quite different from that given by poly- 
peptides, was found to be due to asparagine and to no other constituent of the 
medium. The asparagine may therefore be regarded as an inert inorganic buffer, 
tolerated by myxococci, the casein hydrolyzate being the real nutrient. It is 
not yet known which amino acids are really essential for growth, since no arti- 
ficial mixture of pure amino acids has so far proved adequate. Experiments 
along these lines are being continued. 

Attempts to improve the medium so that it would support better growth of, 
and development of antibacterial activity mth, M. virescens A succeeded only 
when casein hydrolyzate was substituted for all or part of the asparagine. For 
example, other things being equal, the film of growth was obviously many times 
thicker when the concentration of casein hydrolyzate was 0.85 per cent than when 
it was 0.06 per cent as in the basal medium. Not all pure amino acids are toler- 
ated when added to the basal medimn at a concentration of 0.4 per cent. Sodium 
glutamate was as readily tolerated as asparagine (glutamic acid is in fact the chief 
constituent of hydrolyzed casein). The basic amino acids arginine, histidine, 
and lysine were also tolerated, but glycine, alanine, or cysteine hydrochloride, 
separately or admixed, entirely prevented growth of M. virescens A when present 
in the medium at a concentration of 0.4 per cent. Finally, the addition of 5 mg 
of a vitamin mixture of the following composition — nicotinic acid, 1.5; riboflavin 
and pyridoxine, 1 each; calcimn pantothenate and p-aminobenzoic acid, 0.5 
each; aneurin, 0.4; and biotin, 0.00025 mg — to 100 ml of basal medium had no 

rceptible effect in stimulating growth or production of antibiotic substance. 
.^5. Physical factors influencing the growth of myxococci in liquid media. When 
growth occurs from an inoculum of microcysts added to a clear, liquid, amino 
acid medium free from solid particles (see last section), there is, of course, no 
development of a turbidity, emulsifiable deposit, or surface pellicle as with 
eubacteria, but rather of a widespread and surprisingly coherent submerged 
fihn of bacteria. This film, the thickness of which depends on the concentration 
of nutrients in the medium, adheres rather tightly to the whole of, or to only a 
part of, the wet glass surface of the containing vessel, depending on its shape. 
Certain purely physical factors, which need not be considered in connection 
with the growth of ordinary eubacteria in liquid media, have therefore to be 
reckoned with. Some of these factors are: 

(a) Depth of liquid. This is important, not so much because it affects the 
oxygen supply to the lower layers of liquid (for growth will occur quite readily 
at the bottom of a 6-inch test tube nearly filled with medium), but because it 
determines the speed at which the added microcysts will make stable contact 
with the submerged glass surface and thereafter serve as foci of growth. The 
following experiment showed that the microcysts tended to settle slowly : Several 
6-inch test tubes half-filled with sterile medimn were inoculated from slopes as 
described in section 3, and an even suspension of microcysts was produced in 
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each by vigorous shaking. ' They were incubated in the upright position for a day, 
then a number of them were inclined almost to the horizontal position, the rest 
being undisturbed, and the incubation was continued for 10 days. Only those 
tubes which had been inclined showed growth on the submerged wall of the tube 
as well as on the bottom. The upright tubes were then inclined and further in- 
cubated, but no great spread of growth took place, presumably because there were 
no more viable microcysts in suspension to settle on the extra, almost horizontal 
glass surface thus provided. It may be concluded that, if only a small inoculum 
is to be given, the layer of liquid medium should be as shallow as possible. 

(b) Availability of the submerged glass surface and the importance of the ratio of 
available surface to volume of medium. Although myxococci can swarm vertically, 
i.e., against gravity, up an agar slope, none of the strains here studied could do so 
to any appreciable extent up a vertical, or steeply sloping, submerged glass sur- 
face. Two reasons for this may be advanced: (1) Few of the microcysts from 
the inoculum can stably settle on such inclined surfaces to provide foci of growth 
(see above). (2) Good growth from a given focus, even on a horizontal sub- 
merged glass surface, seems never to extend for more than a few mm in any 
direction. Hence the desirability of a massive inoculation with microcysts 
evenly distributed by shaking. 

It follows that if the medium is contained in an ordinary flat-bottomed Erlen- 
meyer flask or in a cylindrical vessel such as the Glaxo container formerly used 
for penicillin production (Clayton el al., 1944), the only part of the submerged 
glass available for supporting growth is the floor of the vessel. With such a 
cylindrical container 17 cm in diameter, containing liquid to a depth of 1 cm 
(a shallower layer than this is scarcely desirable), the horizontal floor area 
available for supporting growth of the myxococcus is 230 sq cm, the submerged 
vertical walls not so available occupy 54 sq cm, and the available surface per unit 
volume (hereafter referred to as and expressed as sq cm per ml of liquid 
medium) is 1 sq cm, or = 1. With a vessel of this type there is no practicable 
means of increasing and any increase in the volume of the medium ivill 
lower it. becomes very small indeed in the case of an upright test tube half- 
filled with medium, but approaches unity if the test tube is held almost horizon- 
tally, when the greater part of the submerged glass becomes available to the 
myxococcus. The following device has been employed to increase to 1.5 
ivith a vessel holding 100 ml of medium: A liter, round-bottomed, spherical 
bolthead flask 13 cm in diameter contained liquid to a depth of 2.5 cm, giving 
roughly 100 sq cm of submerged glass, all of which is available to the organism 
(as proved by experiment) since the upward slope is never great. Extra avail- 
able glass surface was supplied by the introduction of three 7.6-by-2.5-cm micro- 
scope slides, arranged almost horizontally below the surface of the liquid, two 
whole slides being side by side and the third, broken into two pieces, inserted 
below them. Naturally only the upper surface of the slides is available to the 
myxococcus, so that the extra surface available is 3 X 7.6 X 2.5 — 57 sq cm. 
In using this arrangement it is best to sterilize the flask containing medium with 
the slides inside, inoculate, shake well, and then quickly arrange the slides in the 



134 


ALBERT E. OXFORD 


[voL. 53 


desired position by means of a sterile glass rod. One further advantage is that 
slides may be ■n’ithdra%vn aseptically from time to time and the growth upon 
them, which adheres to the glass so tenaciously that fixation is not required, 
examined microscopically after washing and staining with methylene blue, as 
described in section 4. The film of grov4;h is usually rather too thick for prof- 
itable examination with the higher magnifications, but this difficulty might he 
overcome by cutting down the casein hydrolyzate in the medium to the absolute 
minimum. 

It should be added that one strain, M. virescens G, did sometimes form very 
small elements of surface gro^vth, apparently supported by surface tension, and 
occasionally also patches of growth spreading do^vnwards from the surface over 


TABLE 1 

Antibacterial activity of metabolic solutions of M. virescens A at various stages of 

incubation 


t>ESIOD 07 
INCUBATION 

LimTING DILUTION OF CLEAR METABOLIC SOLUTION IN HEART BROTH COUPLETELY 
INHIBITING S. aureus AT 37 C FOR: 

1 day 

2 dsy5. 

days 



0 

No effect 


2 

No effect 


3 

5 

No effect 

5 

14,40 

14, 14 

6 

40, 40 

14, 14 

7 

40 

14 

8 

14, 40 

14, 14 

10 

14,40 

14, 14 

13 

14 

5 

19 

5 

No effect 

23 

5, no effect 

No effect 

27 

No effect 

No effect 


The medium contained casein hydrolyzate, 0.1%, and asparagine, 0.4%, and was dis- 
tributed in 50-ml lots in a large number of 250-ml Erlenmeyer flasks, which were incubated 
side by side at 24 C. 


the submerged vertical glass wall of a Glaxo container. The total area of such 
additional growth was, however, quite small in comparison with the growth on 
the floor of the vessel. As shown in the ne.xt section, the value of ought to 
be as large as possible, not only for the maximum amount of growth but also to 
ensure the maximum metabolic activity. 

6. Production of antibiotic substance by M. virescens A. The following facts 
have been established concerning this substance (or substances) : 

(a) The data summarized in table 1 show that it is not a stable product of 
metabolism, since it tends to disappear if the incubation is unduly prolonged — 
beimnd 10 days. 

(b) The better the growth, i.e., the greater the concentration of casein hy- 
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drolyzate in the medium, the better the production of antibiotic substance 
(table 2). 

(c) For a given concentration of casein hydrolyzate in the medium, the greater 
the value of (area of available submerged glass surface per unit volume of 
medium) the greater the concentration of antibiotic substance formed (table 3). 

(d) The antibacterial effect is not due to an enzyme since solid products of 
considerable activitj’’ have been obtained which are soluble in ethyl or butyl 

TABLE 2 


Effect of casein hydrolysate on antibacterial activity of metabolic solutions of 
■ M. virescens A 


CONCENTRATION 07 

CASEIN HYDROLYZATE 

ANTIBACTERIAL TITER (AS IN TABLE 1) 

1 day 

2 days 

% ■ 

j 


0.06 

5 

5 

0.1 

14 

14 

0.33 

70 

40 

0.5 

200 

85 

0.85 

200 

70 


The experiments were conducted with 5-ml quantities of medium in sloping 6-inch test 
tubes which were incubated for H days at 24 C. When the initial concentration of casein 
hydrolyzate was below 0.5%, asparagine was added to the medium to bring the total con- 
centration of amino acids up to 0.5%. 


TABLE 3 

Effect of volume of liquid medium in a Glaxo container 17 cm in diameter upon production of 
antibiotic substance from 0.1 per cent casein hydrolyzate 


VOLUME 07 MEDIUM 

(available 

sureace/voluke) 

ANTIBACTERIAL TIT: 

1 day 

£R (as in table 1) 

2 days 

ml 





1.1 

40 

14 

300 

0.75 

14 

5 

400 

0.6 

14 

5 

600 

0.4 

5 

No effect 

900 

0.25 

No effect 


The incubation period was 11 days in each instance. The floor of the vessel was covered 
with growth always, but not the vertical walls. 


alcohol (see next section) and which have no proteolytic action at all. This was 
shown very simply by adding Esbach’s protein reagent to those S. aureus assay 
tubes which remained clear after a week’s incubation at 37 C. Those to which 
bactericidal metabolism solution, containing also protease, had been added gave 
no precipitate, but those to which a solution of the alcohol-soluble product had 
been added gave heavy precipitates, just as vith sterile uninoculated heart 
broth itself. 
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SUMMARY 

Two strains of Myxococcus virescens will grow in a simple liquid medium con- 
taining the amino acids of a total acid hydrolysate of casein as the sole source 
of carbon and nitrogen. They then form a coherent film in contact with all or 
part of the submerged glass surface, depending on the shape of the vessel, but are 
not able to spread vertically to any appreciable extent on wet glass. Gelatinase 
is secreted under these conditions, and in one instance a nonenzymic, alcohol- 
soluble, chemically labile antibiotic substance was produced also, active against 
gram-positive eubacteria only. Further quantities of asparagine, sodium gluta- 
mate, or the basic amino acids are tolerated by this myxococcus, when they are 
added as supplements to the casein hydrolysate medium, but other amino acids 
such as glycine, alanine, or cysteine, if present in sufficient concentration, are 
definitely inhibitory to its growth. The antibiotic substance is associated with 
the valine and leucine components of the monamino-monocarboxylic acid 
fraction. 

The production of gelatinase by myxococci probably does not need the presence 
of calcium in the medium as with eubacteria. Myxococcal metabolic solutions 
which contain gelatinase, but no antibiotic substance, are also markedly 
bacteriolytic toward nonviable gram-negative bacteria, but have no correspond- 
ing action on viable bacteria. 
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The original Nagler (1939) reaction consisted of mixing dilutions of the toxin 
of Clostridium pcrfringens with human serum and noting the appearance of an 
opalescence. MacFarlane, Oakley, and Anderson (1941) reported that crude 
lecithovitellin from egg yolk gave a stronger reaction than serum, and postulated 
that the reaction was due to the alpha toxin of C. perfringens. Crook (1942), van 
Heyningen (1941), and others have used the tube reaction extensively. The 
test is now referred to as the Nagler or LV reaction. 

In a study of the use of the tube reaction for rapid identification of C. per- 
fringens, Hayward (1941) mentioned that cultures of C. perfringems on agar 
containing human serum produced a well-defined opacity extending from the 
edge of the colony. The reaction was completely inhibited by the addition of 
homologous antitoxin to the medium. Strains of Clostridium oedematiens 
and the Clostridium bifermentans-Clostridium sordelli group also produced simi- 
lar zones, whereas other species were negative. The reactions of the C. bifermen- 
tans-C. sordelli group were inhibited by C. perfringens antitoxin. In 1943 
Hayward presented more extensive studies with the plate reaction and answered 
the criticisms of Weed and Minton (1943) concerning the nonspecificity of the 
tube reaction. Hayward concluded that human serum was easier to obtain and 
was preferable to egg yolk in the plate reaction. It was suggested that 4 per cent 
concentrations of Evans, Lescher, and Webb peptone could be substituted for the 
Fildes broth in the medium. 

Nagler (1944, 1945) has described a reaction, similar in some respects to the 
above, for the recognition of C. oedematiens (C. novyi). The medium used was 
a peptic digest of ox muscle to which egg yolk and defibrated sheep blood were 
added. On this medium surface colonies of C. oedematiens are surrounded by 
two distinct zones. The first opaque hemoljdic area is surrounded by a dark 
red zone, referred to as a zone of reduction. A mother-of-pearl luster film covers 
both the colonies and the zones. In contrast to the foregoing reaction given by 
type A cultures, a dark red zone without luster was produced by one strain of 
type B (differentiated, according to Scott, Turner, and Vawter, 1934, and Turner 
and Eales, 1943, from type A, not on toxin specificity but on cell size and glyc- 
erol fermentation) and two of type C (Kraneveld’s bacillus of osteomyelitis bac- 
illosa bubalorum) of C. oedematiens, and a strain of Clostridium hemolyticum. 
A pearly film, but no dark red zone, was produced by Clostridium sporogenes, 
Clostridium parasporogenes and Clostridium botulinum (probably C. parabotulinum 
in the Bengston, 1924, terminologj’^). The reaction characteristic of C. oede- 
matiens was not inhibited by homologous antito>dn. 
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EXPERIMENTAL 

In connection -svith other studies, it has been our purpose to consider these 
plate reactions as a means of presumptive recognition of certain clostridia, using 
adequate numbers of authentic strains of certain species to study the specificity 
of the lecithinase reactions. We have used human serum at' times and confirmed 
the statements concerning the reactions ivith it. In plate tests, however, the 
more intense reactions obtained with the egg yolk appear to be of advantage. 
With serum the zones of precipitation are considerably less dense, and the luster 
areas, to be described, are less easily recognized. 

Preparation of egg yolk suspension. Scrub and sterilize (dilute HgCh) the 
shell of a fresh hen’s egg. Aseptically withdraw, by aspiration, the yolk (after 
the white has first been removed) to a sterile tube which is then closed with a rub- 
ber stopper. Add an equal volume of sterile saline and mix by inverting the 
tube several times. If preserved ivith merthiolate (1:10,000), the preparation 
will be usable for 10 to 14 days. Before use, test sterility by plating 1 ml in 
nutrient agar. 

Medium. In substitution for the digest media suggested by Hayward (1941, 
1943) and Nagler (1945) the following medium, prepared from commonly avail- 
able ingredients, is recommended: proteose peptone no. 2, 40 g; Na2HP04, 5 g; 
KH2PO4, 1 g; NaCl, 2 g; MgS04, 0.1 g; glucose, 2 g; agar, 25 g; and distilled 
water, 1,000 ml. Adjust pH to 7.6 and sterilize for 20 minutes at 240 F. Add 
10 ml of yolk suspension to each 90 ml of medium and, for best results, pour 15 
ml in lOQ-mm diameter plates. Streak plates in such a manner that well-isolated 
colonies ivill be obtained. Incubate plates, in anaerobic system of preference, for 
48 to 72 hours. Positive results, particularly with C. perfringens, may appear 
earlier. 

Other agar media tested included beef heart infusion, liver infusion, casamino 
acids, N-Z case, trypticase, proteose peptone, proteose peptone no. 3, bacto 
peptone, thio-peptone, nutri-peptone, yeast extract, sodium caseinate, amigen, 
and peptic digest of beef liver and beef muscle. The peptones and similar prod- 
ucts were tested, with the salts listed above, etc., in 1, 2, and 4 per cent concen- 
trations. In all instances the 4 per cent concentration was superior to the other 
two. Without giving the results in detail, we may mention that the heart infu- 
sion, the peptic digests, and certain peptones (trj^pticase, bacto peptone, proteose 
peptone, and proteose peptone no. 3) gave sufficiently good results to indicate that 
they might be used -with the plate reaction. In general, it appears that any 
medium ivhich supports satisfactory growth and provides suitable condi- 
tions for toxin production probably could be used. 

Species Identification Reactions 

Clostridium perfringens (C. welchii). The colonies are round and smooth 
(rough variants excepted) and are surroimded by a wide (8-mm) zone of opaque 
white precipitate (figure 1, numbers 1, 2, 3, and 4). There is no luster, and after 
the colonies V.ave stood at room temperature in the air for several hours, extra 
zones appear at the edge of the previous zone with the final outer edge more 
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Fig. 1. Colonies of Various Clostridia on Egg Iolk Agar 

Magnification in all cases is approximately 3 X. The luster areas described in the text 
do not show. No. 1, Clostridium perfringens type A. No. 2, Closlridiu7n pcrfringcns 
type B. No. 3, Clostridium pcrfringcns type C. No. 4, Clostridium pcrfringcns typo D. 
This illustrates the smaller zone of precipitation sometimes encountered with this species. 
No. 5, Clostridium novgi type A. No. 6, Closlridiutn rwtnji type B. No. 7, Clostridium 
tcrtium. No. S, Clostridium sordelli. No. 9, Clostridium tctani. 
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intense than the remainder of the area, but the line of demarcation is not a sharp 
one. The reaction is given bj'^ all four toxin types (Oakley, 1943). Each of 50 
strains which we have tested give the typical picture, although there is some 
variation in the size of the zone of precipitation. 

Clostridium novxji (C. ocdemaliens) type A. The reactions were given by each 
of 61 strains classed as C. novyi by other reactions. Colonies are smooth, with 
irregular edges, and show a precipitation zone under the colonj^ and in a regular 
circle to a radial distance of 4 mm (figure 1, number 5). The precipitation is 
more intense than with C. perfringens, and the edge of the zone is sharply de- 
fined. The characteristic feature is an irridescent luster area, marked by radial 
linear striations, covering the colony and extending beyond over the surface of the 
agar in a regular circular zone to a radial distance of about 2 mm, onlypartiallj' 
covering the precipitation zone. After a further period, an additional zone of 
intense luster appears, which is banded by a less intense area. Additional con- 
centric zones of precipitation maj'’ appear around the original. In three cultures 
a slightlj’’ different type of reaction was observed immediately after the plates 
were removed from the anaerobic environment. With these, the colony is more 
or less rough and larger, and the luster zone is narrow and follows the contour 
of the colony. The radial striations are less marked. The precipitation extends 
beyond the luster in a regular circle. After an additional period, the reaction 
is similar to that described for the others. 

Clostriditan novyi (C. oedematiens) tj'pe B. Small irregular, transparent 
colonies produce a wide (8-mm) regular circle of precipitation under and beyond 
the colony. The edge of the zone is sharply defined (figure 1, number 6). No 
luster is evident immediately or later. After the plates have been exposed for 
several hours, a larger zone of precipitation is present, with the original zone out- 
lined by a heavy ring of precipitation. Eight strains were tested, and all gave 
the reaction described. 

The Clostridium sordeUi-Clostridium hifermcnians group. Small-to-medium- 
sized colonies, which are slightly raised and shinj’^ and have rough edges, produce 
no luster but a wide zone of precipitation (figure 1, number 8). The reaction is 
practicall}" indistinguishable from that of C. perfringens. Later, one or more 
additional zones of precipitation may appear bejmnd the original zone. These 
reactions were given by 36 strains. It is of importance that the same reaction 
is given by the nontoxic C. hifermcnians type as by the toxic C. sordelli type. 
This and other evidence obtained in collaboration with Helen Michael indicates 
that the production of a precipitate from egg imlk does not parallel the production 
of the lethal toxin by C. sordelli. 

Closlridiiun hcmolylicum. This species gives apunctiform colony with a wide 
area of intense precipitation surrounding the colony. 

Clostridium sporogenes. The precipitate is deposited under the colony and 
rarely spreads beyond (figure 2, number 12). A slight luster covers the colony 
but does not extend be 3 ’ond. In the usual tj-^pe of colonj^ the rhizoids may 
extend bejmnd the luster and precipitate. After an additional period, the edge 
of the precipitate is marked b.v a zone of more dense precipitation. In some 




No. 10, Closlriditim bolulinum t 3 'pes C, D, or E. No. II, Clostridium parabolulinttm type 
A or B. No. 12, Clostridium sporogenes. 


has been given approximately 100 strains. A slight variation from this 
has been noted with approximately 50 strains for which a tentative designation 
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to this species has been made on other grounds. In these, the colony is more 
regular, and the luster and the precipitate do not extend beyond the colony. 
In three cultures, wliich may, however, not be C. sporogenes, we have observed 
no reaction. 

Clostridium parahotulmum types A and B (Bengston, 1924, tenninology). 
The raised, irregular-edged colonies are covered with a luster which extends in a 
regular circle slightly beyond the colony edge. An area of precipitation hes 
under the colonj'- and to the edge of the luster zone (figure 2, number 11). A 
slight clearing of the medium bejmnd the precipitation ma 5 ’' be noted. Although 
the radial striations are present, they are not so marked as in the C. novyi reaction. 
At a later period, there may be a shght precipitate beyond the luster zone, but 
this is indistinct. The reaction is given by nontoxic strains, identifiable bj' 
physiological and agglutination reactions, as well as by the toxic cultures. 

Clostridium botulinum tj^De B. The colonies are flat and spreading with ir- 
regular edges. The reaction is essentially the same as for C. parabohdimim al- 
though the reaction zones tend to be wider. Three strains have been studied. 

Clostridium botxdinum types C, D, and E. In these cultures the flat, irregular- 
edged colonies are surrounded by a wide zone of precipitation as shown in figure 
2, number 10. There is also a narrow luster zone which follows the contour of 
the colony edge. The regular circle of precipitation extends well be 5 ’'ond the 
luster. The edge of the precipitation is not so sharply defined as with C. novyi. 
Later, an additional luster zone appeal's and somewhat indistinct zones of pre- 
cipitation may be formed. These reactions were given by two strains of type C 
and one strain each of types D and E. 

Other species. Strains of the following species of Clostridium have failed to 
show a luster, a zone or precipitation, or anj' other identifjdng reaction on the 
medium other than the usual colonial morphologju C. tetani (figure 1, number 9), 
C. septicum and C. terlhtm (figure 1, number 7), C. histohjticum, C. capitovalis, C. 
chauvoei, C. eochlearhan , C. butyricum (physiological^ closelj'' allied to C. per- 
fringens), and C. aeelobulylicum. For the latter two organisms the glucose con- 
centration in the medium was increased to 1 per cent. Crook (1942), using the 
tube reaction, obtained negative results with C. septicum, C. histohjticum, and 
C. tetani, and also with one strain of C. botulinum. With the latter species (C. 
parabolulinum of the American literature) we have obtained positive reactions 
with the plate technique but negative results with the tube method. Also, 
although Crook reported positive results with C. chauvoei, we have found this 
organism to be negative in the plate test. 

We have obtained positive results with various aerobic organisms, particularly 
Actinomyees, Aspergilhts, and certain members of the genus Bacillus. In the 
Bacillus group positive results (precipitation but no luster) were obtained with 
strains designated B. lacticola, B. tumifaciens, B. ellenbachensis, B. megatherium, 
B. ccreus, B. mycoides, and several unidentified cultures which appeared as con- 
taminants, but negative results with B. gravcolens, B. subtilis, B. circulans, B. 
brevis, B. anthracis, B. runiinatus, B. rotans, B. alvei, B. globigii, B. aterrimus, 
and B. silvaticus. 
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Inhibition of Reactions by Antiserum 

It appears that no statements concerning this question prill be of value until 
more information is available based upon the use of sera of knovn antilecithinase 
content. Commercially prepared antitoxin should not be used, vithout assay, 
to inhibit the reaction of a newly isolated strain in the di\Tded plate technique in 
which one-half of the plate is spread with antiserum to inhibit the characteristic 
reaction (Haj*ward, 1943, 1945; War Wounds Committee, 1943). The anti- 
lecithinase properties of a senim may not bear a positive correlation to the anti- 
lethal value, and it is presumed that the latter value has been the one considered 
in the standardifation of antitoxic sera. Certain samples of commercial sera 
seem to be almost completely lacking in antilecithinase properties. This may 
explain the failure of antitoxin inhibition of the C. oedematiens reaction on blood- 
egg-yolk agar reported by Xagler (1944, 1945). Also, as Haj-ward (1943) has 
pointed out, the antitoxin of C. perfringens inhibits the reaction of the C. sor- 
dcUi-C. hifermentans group. Our results confirm this and reveal endence of 
other examples of this phenomenon. 

Spedficdly of the Reaciion 

The LY reaction was originally thought to be specific for C. pafringens, though 
this concept has been dispelled bj' the results of Ha}*ward (1941, 1943) and 
Crook (1942), and by the foregoing results. One may logically question the 
value of this reaction in view of the nonspecificity. It appears that the plate 
test, and imder certain conditions (specific serum inhibitions or studies with pure 
cultures of known species designation) the tube reaction, may prove of consider- 
able value. The reactions listed above have been obtained constantly and with 
a sufficient number (when available) of strains of the given species as to leave 
little doubt that they may be considered typical. 

It is true that certain species give similar plate reactions — group I: C. per- 
fringens, C. soreUi-C. hifermentans, C. hcmoJyiicum, and C. novyi tj-pe B; group IT: 
C. parabotulinam types A and B and C. hotxilinum type B; and group HI: C. 
TiOvyi type A and tj-pes C, D, and E of C. boiuUnum. This does not, in our 
opinion, destroy the value of the reaction; because if the species designation of 
an unknown strain is narrowed to the members of a given group, the differentia- 
tion of the species comprising the group would be easy by physiological reactions 
and in some instances almost unnecessary if the origin of the strain in question 
is known. In addition, the following characters on the plate medium are of 
value in the recognition of the named siiecies. The reaction of C: novyi type B 
may be distinguiEhed from others in group I by the clearly defined edge of the 
precipitation zone. On standing, the outer extra zone is separated from the 
original by a heavy narrow area of precipitate. The colony of C. kcmolyiicum 
is more raised, more regular, and smaller than those of the other species in re- 
lation to the reaction zone. The colonies of the (7. sordeUi group tend to be 
flatter and more transparent and irregular than the usual smooth type of C. 
perfringens colony. The reactions of C. sordeUi, on the whole, seem to be wider 
than those of the nontoxic C. bifermcnians, but, within the group, some strains of 
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C. sordelli give zones that are narrower than the widest zone of C. bifermenlans. 
Within group II, the colonies of C. botulinum tj-pe B tend to be less raised and 
the reaction zones relatively vdder than those of C. parabotulinum. The colonies 
of C. botulinum tj^je B resemble those of the other C. botulinum types, even 
though the reaction is vei^’’ much like that of C. parabotulinum. The luster area 
of the tj-pes C, D, and E of C. botulinum is narrow and follows the contour of 
the flat, irregular colon 3 \ In the typical C. novyi tj^pe A reaction, the luster area 
is wide and circular. A few strains of C. novyi showed narrower luster zones, 
which followed the colony edge and closely resembled the reactions of the C. 
botulinum tj^Des. 


DISCUSSION 

The egg yoUc agar plate reaction ivould appear to be of considerable value as 
a presumptive species reaction in clinical and other laboratories. In the food 
research laboratory the differentiation of C. sporogenes and C. parabotulinum is 
difficult, and the reactions described above may be of great value in the early 
recognition of C. parabotulinum from samples involved in botulism. In the 
clinical laboratory it appears possible that the reaction will be of aid in the rapid 
identification of certain of the gas gangrene organisms. Although it is possible 
that the reactions may be elicited by colonies obtained by streaking directly from 
wound exudates, it may be necessary to enrich such samples in suitable liquid 
media such as Brewer’s thioglycolate broth and to inoculate egg yolk agar plates 
after 4 to 6 houi-s of incubation. 
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SUMMARY 

A peptone base medium and an egg yolk supplement are described for use in 
plate culture demonstration of the LV (lecitho-vdtellin) or Nagler reaction. By 
use of this medium presumptive identification of the following is possible: Clostri- 
dium pcrfringens (C. welchii), C. novyi (C. oedemaliens),C.sordelli-C. bifermenlans, 
C. hcmolyticum, C. botulinum, C. parabohdinum, and C. sporogenes. 
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In the course of attempts to produce mutations in bacteriophage by ultra- 
violet irradiation of bacteria infected with the phage, we found that suppression 
of the ability of an infected bacterium to liberate phage required higher doses 
than either sterilization of noninfected bacteria or inactivation of free phage. 
The doses required to suppress phage liberation varied in the course of the 
interval between infection and hberation, during which intracellular phage 
growth takes place. These observations were in agreement with the fact that 
phage multiplication can take place in bacteria recently sterilized by irradiation 
(Anderson, 1944; Rouyer and Latarjet, 1946). They suggested that the ob- 
served effect of radiation on the infected bacteria might depend on inactivation 
of intracellular phage. Variations of this effect might then reflect the changes 
in number and properties of phage particles during intracellular growth — ^that 
is, in the course of processes that lead to the production of over 100 phage par- 
ticles from each infected bacterium (Delbriick, 1946). An analysis of the 
changes in ultraviolet sensitivity during the period of intracellular growth could 
then be expected to supply information on the mechanism of growth. 

The rate of ultraviolet inactivation of free phage is a simple exponential func- 
tion of the dose of radiation (one-hit inactivation, see Latarjet and Wahl, 1945). 
If inactivation of the individual intracellular phage particles followed the same 
function, and if the ability of a bacterium to hberate phage depended on the 
survival in it of at least one active particle, then the number of intracellular 
particles per bacterium at the time of irradiation should influence the rate of 
suppression of phage hberation. Instead of an exponential one-hit inactivation 
curve, as for free phage, we should find for the infected bacteria a multiple-hit 
curve, the niunber of hits reflecting the number of active particles present at the 
time of irradiation. 

The feasibihty of this analysis was suggested by some preliminary observations 
of this type by Anderson (1944). His data, which he kindly discussed with us, 
seemed to indicate a shift from one-hit to multiple-hit type of curve in the in- 
activation curves for phage-infected bacteria during intracellular phage growth. 

The process of intracellular phage growth — ^in particular, of the kinetics of 
phage production — ^hasso far escaped every attempt at clarification made either by 
breaking down infected bacteria or by electron microscopy. This problem is of 

* On leave of absence from Indiana University, Bloomington, Indiana. 

® Chef de Laboratoire, Institut Pasteur, Paris. On mission for the “Service des Rela- 
tions Culturelles, MinistSre des Affaires Etrang6res,” France. 
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such fundamental interest that we considered it worth while to explore thor- 
oughly the new lead which ultraviolet irradiation seemed to offer. The results of 
this investigation are discussed in the present paper. 

JIATERIAL AND TECHNIQUE 

Escherichia coli, strain B, and bacteriophage T2 were used. Some exper- 
iments ndth bacteriophage T7 and with Escherichia coli, strain B/r, were also 
done. Bacteria and phages were growm in an ammonium glucose phosphate 
buffer medium with salt complements, chosen for its transparence to ultraviolet 
light. In this medium Escherichia coli B grows with a generation time of 40 
minutes at 37 C ; phage T2, in the presence of a standard yovmg culture of B, has 
a latent period of 21 minutes between infection and the begirming of liberation; 
liberation is complete 35 to 40 minutes after infection; the average phage yield 
per bacterium is 100 to 150. Phage T7 has a latent period of 13 to 14 minutes, 
complete liberation before 25 minutes, and a yield of 40 to 60. The values for 
time of hberation and phage yield are less reproducible in our medium than 
in nutrient broth. 

The experimental technique for irradiation of groiving phage is as follows: 
All suspensions are maintained in a water bath at 37 C. The desired amount of 
phage lysate (titer measured by plaque count) is introduced into an aerated 
bacterial culture containing 5 to 10 X 10’ bacteria per ml, as assayed by viable 
count. After allowing a definite short time for phage adsorption (generally 
30 to 60 seconds), a sample of the mixture is diluted in a solution of antiphage 
serum capable of inactivating in 30 to 60 seconds all the remaining free phage. 
This does not affect the course of phage growth inside the infected bacteria 
(Delbriick, 19456). A further heavy dilution in serum-free medium, to give a 
serum concentration without appreciable absorption of ultraviolet, yields a sus- 
pension of bacteria part or aU of which are infected by phage. The proportion of 
infected bacteria and the average number of phage particles adsorbed per bac- 
terium can easily be regulated by varjdng the initial proportions of phage and 
bacteria. When onlj^ a fraction of the bacteria is infected, each infected bac- 
terium Mill adsorb only one phage particle (“single infection”). When most 
or all bacteria adsorb several phage particles, we speak of “multiple infection.” 

The number of infected bacteria is measured by plaque count, by plating a 
sample on agar with an excess of sensitive bacteria. Each infected cell gives 
one plaque up to the time when phage liberation begins. The infected bacteria, 
as numbered by plaque count during the latent period, -will hereafter be defined 
as “infective centers.” 

Samples of the final highly diluted suspension of infective centers are taken at 
inten-als and exposed to radiation within 45 seconds from the time of sampling. 
The time of irradiation is alwa 3 's given as the time when exposure begins, al- 
though some exposures lasted as long as 80’ seconds. The irradiated samples are 
immediately assaj’ed to determine the proportion of infective centers still cap- 
able of producing plaques. IWien the phage yield is to be determined, the 
samples are quicklj’ returned to a temperature of 37 C and assayed at interv’als. 
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a nonirradiated sample wliicli has undergone the same manipulations as the 
irradiated ones being used as a control. 

The source of radiation was a General Electric germicidal lamp, of the low- 
pressure type; SO per cent of its ultraviolet output consisted of wave length 
2,537 A. As this radiation is especially efficient in bacterial sterilization and 
phage inactivation (Gates, 1934), more than 95 per cent of the effects were due 
to it. We could therefore consider our ultraviolet beam as almost monochro- 
matic. Its intensity was measured by comparison with the beam from a similar 
lamp calibrated in absolute units by Dr. A. Hollaender, and it was recalibrated 
at frequent intervals. 

In most e.x'periments the samples were exposed at a distance of 56 cm from the 
bulb and received a uniform flux of 16 ergs X mm“- X sec~' for the wave length 
2,537 A. Variations in intensity, when desired, were obtained by varying the 
distance from the bulb, the dependence of intensity upon distance having been 
determined by suitable photoelectric measurements. 

The samples were irradiated in open dishes 5 cm in diameter. The depth of the 
suspensions was about 1 mm, the bacterial concentration not higher than 10^ per 
ml. Under such conditions, no mutual screening of bacteria took place, and the 
dose was uniform throughout the sample. 

RESULTS 

Killing of noninfeckd bacteria and of free 'phage? The survival curve of B in 
synthetic medium was determined down to a siuvival of 10“^, using clear, non- 
screening suspensions. The results (curve 1, figure 1) show that the killing is an 
exponential function of the dose. As observed by Witkin (1946), a change in 
the slope of the curve appears for survivals less than 10“^, as if 1 per cent of the 
bacteria had higher resistance. 

The survival curve of T2 was determined domi to a survival of 10"^, and 
proved to be a regular exponential function of the dose (curv'^e 2, figure 1). Our 
results agree to within 2 per cent with those previously obtained in Paris by 
Latarjet and Wahl (1945) using a calibrated beam of 2,537 A. This agreement 
shows the reliability of spectrophotometric ultraxdolet measurements in absolute 
imits and the value of phage inactivation as a biological test for estimating the 
intensity of monochromatic ultraviolet light. The sundval of the more re- 
sistant phage T7 is given in curve 4 of figure 1. 

Evidence that killing of infective centers is due to killing of intracellular phage. 
This evidence was brought out by several observations. First, if killing of an 
infective center results from direct action on the phage, the killing curve for 
single-infected bacteria immediately after infection, before any growth takes 
place, will be very similar to that of free phage. The only expected difference 
vdll be a slight increase in resistance due to possible screening of the phage 
particle by a layer of bacterial protoplasm. The killing curve for B single- 

® The term “killing” is used for convenience throughout this paper. The more precise 
expression would be, in the case of bacteria, “sterilization”; in the case of free phage, “in- 
activation”; and in the case of infected bacteria, “loss of ability to liberate active phage.” 
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1,180 ergs X mm“- were given at various times. Altogether, 242 experimental 
values were thus collected, covering almost every minute of the latent period for 
a variety of doses. Values for the same dose given at the same time displayed 
some degree of variability, and were averaged graphically. The averages were 
used to construct the set of curves in figure 3, (a) and (b), in which survival is 
plotted in logaritlimic scale as a function of the dose. The results can be de- 
scribed as follows: 

The resistance of infective centers to radiation increases progressively during 
the first part of the latent period, up to 11 minutes. Early in this period (at 



Fig. 3. Sgbvival, Curves of T2 Infective Centers 

Averages of all the data from e.xperiments with single infection, 1 out of 2 to 10 bacteria 
being infected, (a) Early times; (b) late times. The numbers indicate the time of irra- 
diation. Curve P is the survival curve for free phage. 

3 and 4 minutes) the survival curves are almost exponential, showing a slight 
increase in resistance with time. From 5 minutes on, however, sundval for high 
doses increases more rapidly than for low doses, so that the successive curves 
show increasing amounts of upward concavity. From 7 minutes on, a slight 
downward concavity appears in the upper part of the curves, making them 
deviate more and more from simple exponentials. 

After 11 to 12 minutes the general trend changes. Although the downward 
concavity for low doses becomes more pronounced, resistance to high doses drops 
progressively with time, until after 15 to 18 minutes the survival curves become 
more and more of the multiple-hit type (see figure 5). A discussion of these 
curves will be given in a later section. 
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Dependence of (he siinival curve for smgle infection on the proportion of infected 
hacteria. In the preceding experiments, in which 1 out of 2 to 10 bacteria was 
infected, the fluctuations of individual results were slight and nonsystematic. 
Significant deviations appeared, however, in experiments in which we infected 
only 1 out of 25 to 150 bacteria by introducing smaller amounts of T2 lysate 
into the bacterial culture. It is important to remember that in both cases we 



Fig. 4. Survival Curves of T2 Infective Centers 

Averages of all the data from experiments with single infection, 1 out of 25 to ISO bacteria 
being infected. The numbers indicate the time of irradiation. Curve P^is the survival 
curve for free phage. 

have single infection of practically all of the infected bacteria. The probability 
that any one bacterium will adsorb two or more phage particles is very low when- 
ever the average number of particles adsorbed per bacterium is much less than 
one. Length of the latent period and yield of phage per bacterium are the same 
in both cases. 

Numerous experiments, performed with low proportions of infection, gave 
consistent results. Altogether, 153 experimental values were collected and 
averaged ; the survival curves are given in figure 4. Comparison of figures 3 and 
4 shows the following facts: 




‘L. p, i?- ii. Id P.. U % 



1947] 


ULTRA-VIOLET IRRADIATION OP BACTERIOPHAGE 


157 


sumval, D the dose, and a a constant defining sensitivity. If there are n active 
particles per bacterium, all with the same sensitivity, and if an infected bacterium 
is counted as one infective center as long as one phage particle at least remains 
active, the survival function of the infective centers null be 

( 1 ) 2 / = 1 - (1 - 

The corresponding set of curves for various values of n is given in figure 5.® 



Fig. 5. Theoretical Survival Curves Corresponding to Formula (1) 

Dose in arbitrary units. The numbers on the curves refer to the corresponding values of 
n in the formula. 

When we irradiated bacteria multiple-infected with phage T2, we found that 
from the earliest times (4 minutes after infection) the survival curves were very 

' The actual multiplicity of infection must vary from cell to cell within a culture 
around the average value n. Assuming a Poisson distribution, Dr, M. Delbriick derived 
the following expression; 

(F) ■ 2/* = 1 - 6-"*“°"’ 

The Buvival curves calculated according to formula (!') are very similar to those calculated 
from formula (1) and shown in figure 5. 
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different from those obtained for single infection, and of a definite "multiple- 
hit” type. Several experiments were performed, giving, in all, 96 consistent 
values. These could not be averaged, as in the case of single infection, because 
the multiplicity of infection varied from one experiment to another. Figure 6 
shows the results of some individual experiments. 



Fig. 6. Survival Curves op T2 Infective Centers, Multiple Infection 

Separate experiment. The solid lines refer to experiments with 
w^th^ltLun^v of per bacterium. The broken line (+) refers to an experiment 

with a multiplicity of about 15. The numbers on the curves indicate the time of irradiation. 


A comparison with the theoretical curves of figure 5 shows that the shape of the 
experimental curves for early times is similar to that of the theoretical curves 
for values of n corresponding to the multiplicity of infection. An increase in 
multiplicity of infection causes a shift in the curve toward higher values of n. 
For example, the shape of the curve for 4 minutes, multiplicity 5, is similar to 
that of the theoretical curves for 4 to 5 hits, whereas the curve for 4 minutes, 
multiphcity 15, is more similar to a 15- or 20-hit curve. The multiplicity of 
infection is necessarily a roughly estimated quantity and may vary rather widely 
from cell to cell in the same culture. Better agreement with theoretical curves is 
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scarcely to be expected. The results clearly indicate, however, that most or all 
of the infecting phage particles remain active inside the bacterium and can 
participate in the process of growth. 

The survival curves for multiple infection at 4 minutes (figure 6), compared 
with those for single infection (figures 3 and 4), show resistance liigher than can 
be explained on the basis of the multiplicity alone. For example, at 4 minutes, 
for multiplicity of 5, the dose leaving 50 per cent survival is 750 ergs X mm“* 
as compared with 85 ergs X mm”^ for single infection at the same time. The 
ratio of the doses is 9. Comparison of the curves for ti = 1 and n = 5 in figure 5 
shows a theoretical ratio of 3. The discrepancy indipates that the resistance of 
the individual particles in the case of multiple infection is higher than in single 
infection. This is probably due to the fact that in experiments with multiple 
infection the bacteria come in contact with higher concentrations of phage 
lysate — ^that is, with greater amounts of the unknown component which, as 
previously- discussed, plays a role in increasing the resistance of intracellular 
phage. 

In experiments with multiple infection the resistance of the infective centers 
increases fast, reaches a maximum between 6 and 7 minutes (instead of 11 to 
12 minutes as for single infection), then decreases. Thus it seems that for 
multiple infection the growth process arrives earlier at the stage at which the 
trend of the changes in resistance is reversed. 

The magnitude of the increase in resistance between 4 and 7 minutes, while the 
survival curve maintains its multiple-hit shape, seems to indicate that all the 
infecting particles actually participate in the growth process, rather than that 
one particle grows and the others are capable only of replacing it if it should be 
inactivated. 

The decrease in resistance late in the latent period makes the survival curves 
at 15 minutes and later resemble closely those for single infection. This agrees 
with the known fact that the end results of phage growth are the same for single 
and multiple infection, as regards both duration of the latent period and phage 
vield per bacterium (Delbriick and Luria, 1942). 

DISCUSSION 

What information concerning the mechanism of phage growth can be derived 
from these experiments? We shall first consider some of the possible events in 
the growth processes and see how our results agree with the corresponding ex- 
pectations. 

In the case of single infection, we could suppose that in every bacterium phage 
multiplies at the same rate, producing identical particles capable of further 
multiplication. We have seen that in newly infected bacteria radiation acts by 
direct inactivation of intracellular phage. If the survival of an infective center 
after irradiation depended on the survival of at least one active particle, the 
survival curves should become multiple-hit curves, similar to the theoretical 
curves of figure 5, corresponding to progressively higher values of n as growth 
proceeds. The curves for successive times would reveal the number of active 
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particles per bacterium at each time. Figures 3 and 4 clearly show that the 
process of phage growth does not fit this simple picture. 

Let us consider what happens in the case of single infection during the first 
11 to 12 minutes. The main change is a progressive increase in the resistance of 
infective centers to radiation. The survival curves show a progressively increas- 
ing upward concavity (figures 3 and 4), the opposite of what would be given by 
any multiple-hit phenomenon. We must, however, keep in mind that what- 
ever phage multiplication takes place inside the bacteria is likely to proceed at 
varying rates, so that at any one time there must be bacteria with wdely dif- 
ferent numbers of particles. In fact, Delbriick (1945a) observed a wide dis- 
tribution of the phage yields from individual infected bacteria. It was thought 
that the survival curve might reflect the variability in phage multiplication. 
We tried, therefore, to calculate a distribution of the number of phage particles 
that would account for our experimental curves. Tliis calculation led to very 
improbable assumptions. In particular, the upward concavity of the curves 
could only be explained by extremely bimodal distributions. The survival curve 
at 9 minutes (figure 4), for instance, would require a mi.\ture of 80 to 90 per cent 
cells containing 1 to 5 particles and 10 to 20 per cent containing 50 to 100 par- 
ticles per cell. 

Since high doses require a longer time of exposure (up to 80 seconds), it was 
thought that the upward concavity of the curves might be due to the fact that 
part of the dose was received when phage growth had already reached a later 
stage. This possibility was ruled out by experiments with liigh intensity and 
short exposures, which gave the same results. 

We consider as the most likely interpretation that during the early part of the 
latent period most of the change in the survival curves is caused not by phage 
multiplication, but by a progressive increase in the resistance of the individual 
particles. A change in the ultraviolet sensitivitj’’ of phage particles during 
intracellular growth is a novel feature, but hardly a surprising one if we think 
of the complicated processes that must take place inside the infected cell. 

The simplest mechanism by which the increase in resistance could be brought 
about would be the accumulation, around the particles, of some ultraviolet- 
absorbing material. Let us consider, for e.xample, the curves for 3 and 10 min- 
utes in figure 3. The doses giving 50 per cent survival are 70 and 290 ergs 
X nun-2 respectively (ratio = 4), A survival of 20 per cent results from doses 
of 190 and 1,220 ergs X mm“2, respectively (ratio = 6.4). If no phage mul- 
tiplication took place, this increase in resistance of about 4 to 6 times — ^the 
variation being due to the different shape of the survival curves — could be 
explained by the accumulation between 3 and 10 minutes of enough material 
around the phage to absorb 4 to 6 times more radiation. Such an increase in 
resistance could be provided, for example, by a layer of about 200 m;i of a 
substance having an extinction coefficient of 30,000 cm“i, the approximate value 
for nucleic acids. If some phage multiplication takes place, it will in itself pro- 
duce some increase in resistance; the amount of screening material required will 
be less than calculated above. Indeed, the slight deformation of the initial part 
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of the survival curves after 7 to 8 minutes (figure 4) is probably an indication 
that some multiphcation has started by this time. 

According to the “screening” hypothesis, the change in sensitivity of the in- 
tracellular phage would be apparent rather than real. This h 3 rpothesis may be 
too naive, however. It is easy to imagine other mechanisms that may affect 
the intrinsic sensitivity of the phage particle. Phage inactivation may, for 
example, be caused by absorption of radiation in any one of a number of chemical 
structures within the particle, and the growing phage may contain fewer of these 
“vital spots.” Also, the probability that absorption in a certain structure re- 
sults in inactivation may vary during growth as a result of changes in chemical 
reactivity. There exists strong evidence (Pirie, 1946) that the state of virus 
particles inside the host cell may actually be quite different from that of free 
particles. 

In the following discussion we adopt the h3q3othesis of accumulation of 
absorbent materials. Most of the considerations would stiff be valid if changes 
in sensitivity resulted from any of the other mechanisms discussed above. 

The upper concavity of the survival curves is probablj’’ due to large fluctuations 
in the rate of evolution of the growth process in different cells. These fluctu- 
ations are in agreement, and possibly in causal relation, with the previously 
mentioned variability in phage yield per bacterium. 

The dependence of the resistance of the infective centers on the absolute 
amount of phage lysate with which the bacteria have been in contact has in- 
dicated that some other component of the lysates, besides the active phage, 
influences the early rise in resistance. We have no information yet about the 
nature of this component. Studies on its sedimentation in the ultracentrifuge, 
its heat resistance, and other properties may clarify its nature. 

Sensitivity of the infective centers to high doses of radiation begins to increase 
12 minutes after infection for single-infected bacteria and 8 minutes for mul- 
tiple-infected ones. Since the sensitivity to low doses does not increase, the 
survival curves become more and more of the multiple-hit type. We can 
imagine that, as the end of the latent period approaches, phage multiplication 
takes place in most bacteria, while the screening material disappears, possibly 
being used up in phage reproduction. These two processes could account 
qualitatively for the shape of the survival curves at late times. 

It is also likely that the presence of many particles inactivated by radiation 
may interfere with the ability of the remaining ones to carry the process of phage 
liberation to its successful completion. Thus, the apparent increase in sen- 
sitivity at late times may be partly due to failure to count as infective centers 
some bacteria stiff containing active phage but unable to liberate it. 

On the basis of our results we may propose a very tentative and probably crude 
picture of the sequence of events in intracellular growth of phage T2. After 
one or more phage particles have penetrated into a bacterial cell, an ultraviolet- 
absorbing material, possibly needed for phage building, accumulates and in- 
tercepts part of the incident radiation. Additional stimulus for the accumu- 
lation of this material can be supplied by some other component present in phage 



162 


S. E. LUMA AND R. LATARJET 


[vOL. 53 


lysates besides the active phage itself. The accumulation of screening material 
seems to vaiy widely from cell to cell, and this variation may be partly respon- 
sible for the variabihty of phage multiplication in different cells, reflected in the 
variability of phage yield. Phage multiplication is apparently under way 7 
minutes after infection, and as it proceeds the amount of screening material 
around the phage particles begins to diminish. In the last part of the latent 
period most bacteria probablj' contain large numbers of particles. The dis- 
tribution of these numbers is probably connected, not only with the distribution 
of burst sizes, but also with the variabilit}' of the time of l 3 ’sis for individual cells. 

This picture seems to be in agreement with some preliminary results of cyto- 
logical studies of the growth of phage T2 (Luria and Palmer, unpublished). 
The first reaction to phage infection is seen as a disruption of the Giemsa- and 
Feulgen-positive “nuclear” bodies (see Robinow, 1945) and migration of their 
material toward the periphery of the cell. The amount of stainable material in 
the cell then increases rapidlj'' until the whole cell, somewhat enlarged, becomes 
stained in a fine granular way. If tliis “nuclear” material is assumed to contain 
a large proportion of nucleic acid, the amounts of it \risible in stained prepar- 
ations are more than sufficient to account for the increase in apparent phage 
resistance during growth. 

The apparent changes in sensitivity of the individual phage particles during 
the latent period make it impossible to attempt calculation of the rate of phage 
multiplication from the results of ultraviolet irradiation of infective centers. 
If our interpretation of the changes in phage sensitintj' as due to protection by 
nonphage material is correct, it might be possible to avoid this difiSculty by using 
X-rays instead of ultraviolet light. Even for X-raj'^s, however, the ana^’ris of 
the survival curves may be rendered very complicated by the large fluctuations 
expected in the rate of phage multiplication within indi\’idual cells. 

The results of our experiments with multiple infection indicate growth of most 
or all of the mfecting particles. The principle of mutual exclusion, according to 
which only one of several particles adsorbed by the same cell can grow, seems not 
to hold for particles of the same phage strain. E\ridence to the contrary’', derived 
from experiments on interference between a phage and one of its mutants (Luria, 
1945), was not too conclusive, in vriew of the fact that infection with particles of 
the two types was not simultaneous, and deserves reconsideration. 

It appears that mutual exclusion alwaj's takes place between particles of un- 
related phages (Delbriick and Luria, 1942; Delbruck, 1945c), is somewhat limited 
between particles of related phages (Delbruck and Bailey, 1946), and does not 
occur between particles of the same strain. The similarity of the yield of phags 
in cases of single and multiple infection is hkely to be due, not to mutual ex- 
clusion, but to the amount or rate of formation of some substrate which limits 
phage multiplication. 


SUMMARY 

Ultraviolet irradiation of Escherichia coli, strain B, infected with bacteriophage 
T2 showed that, immediately after infection, suppression of the ability to liberate 
phage results from inactivation of the intracellular phage. 
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The sensithity of the infected bacteria was studied during the 21-ininute 
inten^al between infection and l 3 ^sis. In the first 12 minutes, the infected bac- 
teria show a rapid increase in resistance, apparently due to increased resistance of 
the intracellular phage particles. This is possiblj’’ caused by accumulation of 
ultraviolet-absorbing material around the phage. At later times the resistance 
of infected bacteria to liigh doses of radiation decreases. This is interpreted to 
indicate that, as phage multiplication proceeds, the apparent sensitivity of the 
intracellular phage particles returns to higher values. 

A quantitative study of phage multiplication by an analysis of the survival 
curves of infected bacteria is made impossible by these changes in sensitivity of 
the indi\ddual phage particles during growth, and by the presence of wide 
fluctuations, in the course of phage groivth, among individual infected cells. 

Phage lysates appear to contain, besides the active phage itself, some other 
component which influences the course of the intracellular phage growth as 
manifested in the changes in ultraviolet sensitivity described above. 

In case of infection of a bacterial cell with more than one particle of phage 
T2, analysis of the survival curves shows that several particles can grow in the 
same host cell. 
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noted that there were certain modifications in the cultural characteristics only 
when the cultures were 28 to 30 days old. Bertrand (1929) foimd that X-rays 
of 2 A had no effect on the virulence or rapidity of growth of S. aureus or Micro- 
sporon audouini. Rice and Guilford (1931) showed that X-ray treatment of a 
bovine strain of M. tuberculosis increased the dissociation from “rough” to 
“smooth” colonies in a rapidly growing culture. 

Smith, Lisse, and Davey (1936) noted that there was no significant change in 
the electrophoretic mobility of Escherichia coli after exposure to X-rays. Forfota 
and Hamori (1937) claim that the antigenic structure of E. typhosa undergoes 
change under the effect of hard X-rays. Lea, Haines, and Coulson (1937) found 
that occasionally long filamentous rods would be formed from an X-rayed 
culture of E. coli. This was e.xplained as due to the interference with the fission 
mechanism. Drea (1938, 1940) showed that the virulence of a culture of human 
tubercle bacilli could be considerably attenuated by successive irradiations ndth 
X-rays over a long period of time. 

Haberman and Ellsworth (1940) noted the increase in dissociation of S. 
aureus and Serralia marcesccns in actively proliferating cells. Their work seems 
to indicate that hard rays were more effective in producing dissociants. Haber- 
man (1941) showed that a culture of staphylococci exposed to -X-rays lost the 
lethal factors, and those of dermoneurosis and hemolysis. There was no 
obser\mble association in colony types. It appears from the work of Lea, Haines, 
and Bretscher (1941) that X-rays of various lengths on E. coli and spores of 
Bacillus mesentericus produced lethal mutations. The striking effect ivas that 
the bacteria continued to grow, in the sense of increasing in size, but failed to 
divide. Gray and Tatum (1944) produced, by means of X-rays, mutant strains 
of E. coli and Acetobacter melanogenum characterized by their inability to pro- 
duce specific biochemical reactions. Tatum (1945) likewise produced mutant 
strains of E. coli by exposing two mutant strains to a second X-ray treatment. 

Some of the effects of X-rays upon bacteria which have been noted are the 
production of lethal action, permanent changes in colony form and color, and the 
loss of certain biochemical reactions. 

MATERIALS AND METHODS 

X-ray apparatus. A General Electric crj^stal diffraction X-ray unit, type 
TVt''C, form E, was used. It was operated at 30,000 volts with a filament cur- 
rent of 18 milliamperes. A molybdenum target Coolidge t3^pe with unfiltered 
radiation was used. The maximum characteristic radiation was 0.712 A- : 
These rays were hard, but, because of the presence of continuous radiation and 
the use of unfiltered radiation, some soft rays were present. 

In general, the rays are spoken of as hard or soft on the basis of their wave 
length. Those which have wave lengths greater than 1 A are classified as soft 
rays and those which have wave lengths less than 1 A as hard rays. The soft 
rays are more readily absorbed by living material, but the hard rays are more 
penetrable. ; 

The bacteria that were exposed to the rays from this machine were placed at a j 
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and Hamori (1937) claim that the antigenic sti-ucture of E. typhosa undergoes 
change under the effect of hard X-rays. Lea, Haines, and Coulson (1937) found 
that occasionally long filamentous rods would be formed from an X-rayed 
culture of E. coli. This was explained as due to the interference with the fission 
mechanism. Drea (1938, 1940) showed that the virulence of a culture of human 
tubercle bacilli could be considerably attenuated by successive irradiations mth 
X-rays over a long period of time. 

Haberman and Ellsworth (1940) noted the increase in dissociation of S. 
aureus and Serralia marcescens in actively prohferating cells. Their work seems 
to indicate that hard rays were more effective in producing dissociants. Haber- 
man (1941) showed that a culture of staphylococci exposed to -X-rays lost the 
lethal factors, and those of dermoneurosis and hemolysis. There was no 
observable association in colony types. It appears from the work of Lea, Haines, 
and Bretscher (1941) that X-rays of various lengths on E. coli and spores of 
Bacillus mesenlericus produced lethal mutations. The strildng effect was that 
the bacteria continued to grow, in the sense of increasing in size, but failed to 
divide. Gray and Tatum (1944) produced, by means of X-rays, mutant strains 
of E. coli and Acetobacler melanogenum characterized by their inability to pro- 
duce specific biochemical reactions. Tatum (1945) hkewise produced mutant 
strains of E. coli by exposing two mutant strains to a second X-ray treatment. 

Some of the effects of X-rays upon bacteria which have been noted are the 
production of lethal action, permanent changes in colony form and color, and the 
loss of certain biochemical reactions. 


MATERIALS AND METHODS 

X-ray apparatus. A General Electric crystal diffraction X-ray unit, type 
VWC, form E, was used. It was operated at 30,000 volts with a filament cur- 
rent of l8 milliamperes. A molybdenum target Coohdge type with unfiltered 
radiation was used. The maximum characteristic radiation was 0.712 A. 
These rays were hard, but, because of the presence of continuous radiation and 
the use of unfiltered radiation, some soft rays were present. 

In general, the rays are spoken of as hard or soft on the basis of their wave 
length. Those which have wave lengths greater than 1 A are classified as soft 
rays and those which have wave lengths less than 1 A as hard rays. The sot 
rays are more readily absorbed by living material, but the hard rays are more 
penetrable. 

The bacteria that were exposed to the rays from this machine were placed at a 
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tendencies. Others may have partly developed or fairly well developed mitotic 
mechanism. 

Since it is desirable to avoid any implication concerning the hereditary 
mechanism of bacteria (until we have adequate knowledge), the term anomalous 
variation is suggested. Anomalous connotes the idea of a deviation from normal 
order that refuses to submit to an explanation or classification. Variations in 
organisms are known to be due to the following causes: (1) changes in the 
environment, (2) gene mutation, (3) changes in chromosome complexes, (4) 
gene recombination or hybridization, and (5) a combination of any of these 
four. A sixth category may be added for convenience to include all causes in 
which the causative mechanism of the variation is unknown, namely, anomalous 
variation. It is noted that this is a classification based on causes of variation. 
Thus, for example, the modification of a bacterial culture that may occur after 
exposure to X-rays is an anomalous variation, as well as any other variation the 
causative mechanism of which is unexplained at the present time. 

The plates used above in determining the number of organisms killed also 
served as material for the study of anomalous variation immediately after X-ray 
treatment. Ten exposures to X-rays were made at different times, and the 
colonies surviving the 4-hom- period of exposure were studied by means of a 
colony nucroscope lens (3 X )to note any changes in morphology. At random 
100 colonies that survived this period of exposure were picked each time. Ap- 
proximately 0.05 per cent of the organisms had survived this length of time. 
A total of 1,000 colonies picked were transferred to semisolid agar to determine 
motility, by the method of Tittsler and Sandholzer (1936), and incubated for 
24 hours. After this period of time transfers were made to various other media 
and studied from the following aspects; colonial character on agar and gelatin; 
morphology and stain by Gram's method; fermentation of lactose, glucose, and 
xylose; lead acetate production; indole formation; growth on potato; and 
motility as indicated by flagella staining. 

The colony morphology of the 1,000 colonies observed remained similar to the 
parent unexposed control culture. Likewise, all the other tests remained the 
same as the control, with one exception. After one exposure, from which 100 
colonies were picked at random, 78 of the colonies demonstrated a loss of motility. 
The colony morphology of the 78 nomnotile forms was the same as that of the 
unexposed control colonies when first examined. Subsequent plating of these 
cultures, however, showed a change in the colony formation from a smooth to 
an intermediate form. All the other tests used concerning these 78 nonmotile 
forms remained the same as the control. The 78 nonmotile cultures were, in 
addition, tested in the follo^ving substances: raffinose, galactose, maltose, 
fructose, salicin, sorbitol, sucrose, dulcitol, inulin, inositol, and mannitol. The 
fermentation reactions remained the same as the unexposed parent control cul- 
ture. 

In addition to these anomalous variation studies, suspensions in distilled water 
of an 18-hour culture of E. typhosa were exposed to the X-rays in exactly the 
same manner as described for the lethal studies. But, in addition to the same 
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time periods of exposure, the organisms were irradiated for 1, 5, 10, 15, 20, 25, 
30, and 35 minutes. After exposure, 0.5 ml of the bacterial suspension were 
transferred to 9 ml of nutrient broth and incubated at 37 C. Subcultures on 
agar plates were made daily for a period of 20 days from the 15 cultures, as well 
as from the unexposed control. 

Observations were made on the colonial character of the organisms after 
48-hour incubation. The colony form was the only observation made since this 
type of variation would be easily detected. However, this character of the 
exposed cultures remained the same as that of the parent unexposed type. This 
anomalous variation is not the only one that might have occurred, and it is quite 
possible that other changes were overlooked. 

DISCUSSION 

The culture of E. lyphosa used in this study was isolated first from the blood 
of a typhoid patient and then by single cell teclmique. Observations of the 
parent unexposed culture did not show any detectable changes in the colonial 
character. Approximately 3,000 unexposed colonies were obsenmd. 

The lethal studies confirmed the findings of other investigators and showed 
that the rate of death is of a logarithmic order. The interesting observation is 
that there is a distinct difference between killing a bacterium by radiation and, 
for example, by heat. Some of the bacteria were still motile after hours of 
exposure, although they failed to produce any growth on suitable laboratory 
media. 

The anomalous variation observed was the loss of motility in 78 out of 100 
colonies picked at random after one of the e.xperimental exposm'cs. This loss of 
motility was not observed again even after many repeated X-ray exposures. 

The observations made on the X-rayed cultures were limited to a few mor- 
phological and biochemical reactions. It is quite possible that other changes 
may have occurred but were not observed. 
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I 

SUMMARY 

A strain of Eberthella iyphosa, isolated from the blood of a typhoid patient and 
then isolated by single cell technique, Avas exposed to X-rays of maximum char- 
acteristic radiation of 0.712 A. 

The so-called “lethal” effect of the X-rays resulted in a logarithmic order o 
death. Some of the organisms, however, were still motile but failed to grow on 
suitable laboratory media. 

After 4 hours of exposure, in which 0.05 per cent survived, the culture was 



1947] 


EFFECTS OF X-RAYS ON EBERTHELLA TYPHOSA 


171 


studied from the following aspects: colonial character on agar and gelatin; 
morphologj’^ and stain by Gram’s method; fermentation of lactose, glucose, and 
xylose; lead acetate production; indole formation; growth on potato; and mo- 
tility. All the results of these tests on the organisms exposed to X-rays re- 
mained the same as those of the tests on the unexposed control, with one e.x- 
ception. On one occasion, a high percentage of the organisms exposed showed 
a loss of motility. These nonmotile forms were in addition tested in other 
sugars, but the fermentation reactions remained the same as in the control. 

Subsequent plating of these nonmotile cultures showed a change in colony 
formation from a smooth to an intermediate form. 
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Problems involving the so-called “intracellular symbionts”- have long troubled 
some cytologists and bacteriologically inclined zoologists. The solution of many 
of those problems, however, yet evade even the most careful investigators. 

Several workers in this field (Buchner, Glaser, hlercier, Schwartz) hold to the 
view that the physiology and systematic position of the intracellular bacteroids 
can be accurately determined only by the cultivation of these organisms on 
artificial media. Toward this end, many workers (see Schwartz, 1935) have 
struggled with sterihzation and dissection techniques and experimented Mth 
various culture media in what has usually been futile or unsatisfactory attempts 
to grow the bacteroids in unnatural conditions. 

The extracellular “symbionts” in the gut of insects are generally not strict in 
their growth requirements (Schwartz, 1935; Steinhaus, 1941), and some of the 
forms that have an intracellular stage in the gut wall and an extracellular stage 
in the gut lumen seem to grow readily on artificial media from their extracellular 
stage: e.g., those of species of Silodrepa, Ernobius, Rhagium, Xestohium (Heitz, 
1927; Muller, 1934), Rhodnius (Wigglesworth, 1936), and others (see Schwartz, 
1935, p. 398). The more closely adapted intracellular organisms, however, 
grow with difficulty if at all, and none of the reports of successful cultures of these 
are above serious criticism on matters of sterilization and manipulation. 

The intracellular bacteroids of the cocki’oaches, with which this paper deals 
specifically, have been so thoroughly described (Fraenkel, 1921; Gier, 1936; 
Bode, 1936; Hoover, 1945) that it suffices here to say that these bacteroids are 
nonmotile, nonsporeforming, faintly gram-positive, straight or slightly curved 
rods, 0.8-1 p by 1.5-6.5 p, and may stain barred, somewhat like diphtheroids. 
They occur around the ovarian eggs and in specialized cells, the mycetocytes of 
the abdominal fat bodies. 

‘ The work reported here was begun at Indiana University under the direction of Dr. 
Fernandus Payne, as part of a doctorate problem, and was continued at Harvard University 
Biological Laboratories on a National Research Council Fellowship and a Harvard Univer- 
sity Research Fellowship under the general supervision of Dr. L. R. Cleveland and Dr. A. 
B. Dawson. Aid and counsel which made this work possible and profitable are gratefully 
acknowledged. 

“ The term “symbiont” definitely connotes a helpful association between two types of 
organisms. Such a relationship has never been demonstrated for any of the true “intracel- 
lular symbionts.” Mercier (1907) designated the bodies of the roach mycetocytes as “bac- 
teroidi” and this lead was followed by Hertig (1921), Gier (1936), and Hoover (1945). It 
seems better thus openly to confess our ignorance as to the nature of these bodies by con- 
tinuing to designate them merely as “bacterialike” than to imply a relationship which 
probably does not e.xist, even though these “bacteroidi” may sometime be definitely placed 
taxonomically with the bacteria. 
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There have been alternate reports of success and failure in attempts at cul- 
tivating these bacteroids since the early failures of Blochmann (1887), Kras- 
siltschik (1889), and Forbes (1892). Ttlercier (1907), Glaser (1920, 1930), 
Gropengiesser (1925), and Bode (193G) reported success, but Javelly (1914), 
Hertig (1921), Wollman (1920), and Hovasse (1930) admitted failure. These 
efforts have recently been summarized b}' Buchner (1930) and Steinhaus (1940). 

INIercier (1907) cultivated, from the ootheca of Blalla oricnlalis, a motile, 
sporeforming bacillus which he named Bacillus cucnoli. These cultures had the 
effect of dispelling permanently the idea championed bj’' Cuenot, Prenant, and 
Henneguy that the “symbionts” of the roaches and other insects were only 
metabohc products. iNIercier’s work was discredited by the failure of Javelly 
(1914) and Glaser (1920) to cultivate Bacillus cucnoli. Hertig (1921), in turn, 
showed quite definitely that the spirillum cultivated by Glaser (1920) was not 
the “sj'inbiont.” Gropengiesser (1925) and Bode (1930), however, cultivated 
motile, sporeforming rods from Blalla oricnlalis and Periplancla americana, 
respectively, wlrich they concluded were identical with B. cucnoli in spite of 
certain discrepancies in the published descriptions. IMercier (1907) and Gro- 
pengiesser (1925) also frequently cultivated a yeast that they believed was a 
secondary “symbiont” that could, on occasion, displace the bacteroids, but 
neither gave any evidence for his contention. Glaser (1930), in a series of very 
carefully executed experiments, cultivated three strains of diphtheroids from 
Periplancla americana and attempted to prove seriologicallj' that they were the 
“sjTubionts.” More recentljq Hoover (1945) has reported successful cul- 
tivation of diphtheroids and other bacilli from Cnjplocercus. 

In Hew of these conflicting results, it seemed desirable to check critically the 
various teclmiques and media used in past cultivation experiments, to tiy neu 
methods, and to attempt to analyze results moi'e thoroughlJ^ 

The first difficulty, and the source of the most constant error in such cul- 
tivation experiments, is the problem of securing the “symbiotic” organism from 
the host tissue without contaminating the material with bacteria that maj 
subsequently be mistaken for the “symbiont.” The ideal way to eliminate 
contaminants is to rear the insects aseptically from previously sterilized eggs. 

oilman (1920) and Bode (1930) developed techniques for domg this with 
Blallclla germanica and Periplancla americajia, respectively, but both failed in 
culturing any bacteria from such sterile roaches. The most convenient method 
of obtainmg uncontaniinated, “symbiont-laden” material is the sterilization of the 
oothecae chemically, using the conteirts of the oothecae directly as inoculation 
material. The third and most treacherous method is the chemical sterilization 
of the exterior of the roach and the removal of the “symbiont-laden” tissues. 
Glaser (1920, 1930), Hertig (1921), Gropengiesser (1925), and Bode (1936), 
have developed fairly satisfactory techniques along these lines. 

The second and possibly the greatest difficulty in such cultivation exper- 
iments is the provision of adequate culture media for the “symbionts.” Since 
the physiological and chemical properties of the natural habitat of these organ- 
isms are incomplete!}^ known, an adequate medium can be found only by the 
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trial and error method. It would be expected that organisms as highly speci- 
alized as the intracellular “symbionts” would require a very special medium, 
hlercier (1907) and Gropengiesser (1925), however, cultivated Bacillus cuenoti 
readily on most routine bacteriological media. Schwartz (1924) used a general 
medium with high sugar content for the yeastlike “symbionts” of the Lecanidae. 
hleyers (1925) used routine beef extract peptone media enriched ivith an extract 
of snails on which to cultivate the “symbionts” of the concretion organs of cer- 
tain snails. Glaser (1930) depended on blood media for the cultivation of the 
roach symbionts, and Hoover (1945) followed Glaser’s techniques. All these 
workers reported successful cultures with their respective methods, but their 
results have not been confirmed. 

The third, and probably most perplexing, problem in “symbiont” cultivation 
lies in the identification of the cultivated organism. In the past, morphologic 
similarity between the cultivated form and the intracellular form plus dependence 
on the adequacy of the technique used have been the main criteria, and these, as 
will be shown later, are not reliable. Glaser (1930) attempted identification by 
serological comparisons, which to date has not been developed to reliability. 

iUTERIALS AND METHODS 

For the following series of experiments, the American cockroach, Periplaneia 
americana (Linnaeus), was used most extensively as the som’ce of inoculation 
material, being supplemented at times with Blaita orientalis (Linnaeus), Par- 
cdblatla 'pennsylvanica (De Geer), and Crypiocercus punctulatus Scudder. All 
forms except the last were successfully reared in the laboratory (Gier, 1936, 
1946). 

Sterilization, dissection, and inoculation techniques were modified from those 
described by Hertig (1921) and Glaser (1930). Nymphs and adults to be used 
for bacteriological work were kept on clean filter paper in glass bowls, without 
food, for several days, so they would be as clean as possible and have little 
material in the gut. On removal from the bowl, each animal was pressed lightly 
to remove fecal pellets. Sterilization and dissection were conducted as follows: 
the roach was etherized until completely immobile, dipped into 95 per cent al- 
cohol, agitated for 5 minutes in a solution consisting of equal parts of 1:500 
mercuric chloride and 95 per cent alcohol, then rinsed in 70 per cent alcohol. 
The animal was then placed on its back in a dish of freshly melted and solidified 
paraffin, and secured with pins: one through the edge of the prothorax, one 
through the tip of the abdomen, and one on each side of the body posterior to the 
metathoracic legs crossing over the body and holding the legs forward well out 
of the way (figure 1). Then with a pair of fine scissors all the abdominal ster- 
nites, except the last, were cut along then’ left margins; the sternites were care- 
fullygrasped bytheir free margin with sterile forceps and the entire ventral body 
wall, as a unit, was turned over to the right and secured there with one or two 
pins. With fine forceps portions of the fat body or the ovarj’- from the right side 
(side opposite the cut) were removed, separated from trachea and iMalpighian 
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Fig. 1. Photograph op a Mature Periplaneta Americana, Showing Method of 
Securing the Roach for Removal of Tissues 

Materials for bacteriological examination were always taken from the side opposite the 
incision, thus precluding any possibility of external contamination. (Natural size) 


Fig. 2. Forceps Used for Holding the Oothecafor Removal of Embryos Aseptically 

The depression at the tip is of such a size that it holds the capsule firmly, yet without 
danger of crushing. (Natural size) 

Fig. 3. A Clump of Roach B.vcteroids Showing Progressive Stages op Vacuolization 

IN Hypotonic Solution 

The stage shown as C is possibly the condition described by hlercier and Cuenot as yeast 
that had invaded the mycetomes and displaced the normal bacteroids. (X 2,000) 

Fig. 4. Section of Ootheca to Show Relationships of Embryos, Mucus Layer, and the 
Fused Edge of the Capsule. (X 2) 
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tubules in sterile Belar’s solution, and transferred to the media in which they 
were macerated. 

Wlren eggs or embryos were to be used as the source of the inoculum, special 
precautions were taken to get the best possible oothecae. In order to keep a 
plentiful supply of embryos, vigorous adult females were kept in clean glass 
bowls (250-mm biological specimen dishes of the type that will stack) with plenty 
of food and water. The oothecae were taken from the females as soon as they 
were complete, which was usually 12 to 18 hours after their appearance from the 
vagina, and were stored in clean watch glasses. Sterilization and dissection 
techniques were the simplest possible. A perfectly formed, clean, unshriveled 
ootheca of the age desired was selected from the stock; it was dipped into 95 
per cent alcohol, placed in the mercuric chloride, alcohol solution for 15 minutes, 
and rinsed in 70 per cent alcohol. One end of the ootheca was then grasped 
firmly with special forceps (figure 2) and the other end sliced off with a red-hot 
razor blade and discarded. The two eggs thus exposed were removed with a hot 
inoculating needle and discarded; the remaining eggs were transferred directly to 
the media, or they were macerated in the capsule with a sterile inoculating loop 
before the transfer was made. 

All instruments were sterilized either in open flame or boiled in 70 per cent 
alcohol. The sterilizing fluids were freshly boiled and cooled. Sterile pins and 
other small instruments were all handled with sterile forceps. Dissections 
and inoculations were done in a tightly closed room that had been scrubbed the 
previous afternoon and sprayed well with dilute phenol solution shortly before 
the work was begun. As an added precaution against air contaminants, the last 
series of experiments was done under a sterile hood, and the bare arms of the 
worker were sterilized with mercuric chloride, alcohol mixture. 

The efficiency of these methods needs little comment other than to point out 
that few contaminations occurred, as is shown in table 1. Absolute sterilization 
of either cockroach or ootheca is probably impossible because of rather frequent 
infections in the oviducts, Malpighian tubules, trachea, or hemocoele. The 
time necessary for the application of the steriUzing fluids was determined, after 
much experimenting, as that sufficient to perfect external sterilization, and yet 
not enough to damage the animals seriously. Cockroaches that were allowed to 
revive after sterilization lived normally; and embryos in about 80 per cent of 
unopened, sterilized oothecae continued normal development. 

The media used included Petroff’s egg medium, Loeffler’s coagulated blood 
serum (both horse and calf serum), deep brain media, potato, nutrient gelatin, 
beef extract broth with agar, Hutoon’s hormone broth with agar, and modi- 
fications especially of the latter two. Beef extract and hormone broths were 
used as the basis for blood media (2 to 20 per cent defibrinated blood from horse, 
cow, or human added), and roach extract media (1 to 10 per cent extract from 
roaches added). This roach extract was made by either boiling, macerating, and 
filtering, or by digesting with trypsin, quantities of roaches, usually with ali- 
mentary canal removed, and was sterilized by the Berkefeld filter, inspissator, 
or autoclave. Inoculations were made both in liquid media and on solid media. 
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the latter being preferred because of better isolation of contaminants. Petri 
plates were inoculated by spreading macerated eggs, embryos, or fat bodies over 
surface of the media in four or five consecutive spots, which were left separated 
by a few milhmeters’ space only (Glaser, 1930). This gave a dilution so great 
that rarely did any growth occur on the last two spots. In many cases a second 
plate was inoculated without reinfecting the loop, in order to check Glaser’s 
(1930) theory that the symbionts will grow only if their-natural inhibiting agents 
are greatly diluted. 

The reaction of the media used was varied from pH 6.4 to pH 7.8 to' cover 
the complete range of findings of hydrogen ion concentration in insect blood 
(Glaser, 1925; Bodine, 1926; and others), but most were adjusted to pH 7.2 
because of my own findings on the hydi’ogen ion concentration in Periplanela 
americana blood, on the assumption that the pH of protoplasm is the same as 
that of the surrounding blood. 

The pH of the blood was determined colorimetrically and checked wth a 
Gesel quinhydrone electrode. A drop of phenol red indicator was placed on an 
opal plate, one antennae of the roach clipped off, and the blood run directly into 
the indicator. Readings taken immediately were invariably 7.1 to 7.3, rising 
within 2 minutes to 7.4 to 7.5. For the electrometric check, blood was drawn 
into the Gesel chamber directly from the cut antennae and a reading taken as 
quickly as possible. The result was 7.3 ± 0.1 when one animal supplied suf- 
ficient blood, or 7.4 ± 0.1 if the blood of two animals was used. Tests made 
after 10 minutes or more invariably ranged between 7.55 and 7.65. The lower 
hydrogen ion concentration in the latter case is probably due to the loss of 
carbon dioxide and caimot be considered as normal. Samples of blood were 
diluted 1:16 with water without changing the pH more than 0.1 point, indicating 
a very efficient buffer action. Crushed cells in the test solution invariably in-, 
creased the acidity to pH 5.8 to 6.8. 

The salt content of the media was varied from 0 to 1 per cent, and the osmotic 
pressure was further increased at times by the addition of sugars, urea, sodium 
acid phosphate, potassium sulphate, and other salts in an attempt to make the 
media isotonic with the cockroach blood, which was found to depress the freezing 
point approximately 0.9 C as against 0.62 C for horse blood, which indicates a 
much higher concentration of salts m the roach blood. 

All media were incubated 3 days at 30 C before they were inoculated, and all 
plates or tubes showing any contamination were discarded. About 200 cultures 
were tried under anaerobic conditions as stabs, shakes, tubes sealed with oil, 
Kumwiede-Pratt plates, and Novy jar cultures with the oxygen completely or 
partially displaced with carbon dioxide or the oxygen removed with pyrogallol- 
Most cultures were incubated at 30 C, as that was found to be the optimum 
temperature for Periplanela americana (Gier, 1946). Others were incubated at 
room temperature or at 36 C. The inoculated media were examined daily for 
growths, and everything but obvious contamination, i.e., colonies between the 
inoculated spots, was carefully checked. Inoculated spots sho'wing no growth 
after 3 or 4 days were carefully rubbed up with a drop of condensation fluid as 
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described by Glaser (1930), and material was transferred to slants of the same 
kind of media. These subcultures were examined, and the slant surface was 
flooded with condensation fluid daily for at least 10 days. If the agar became 
dry, a few drops of serum broth were added (Glaser, 1930). On the fourth or 
fifth day of incubation, whether or not a macroscopic growth could be seen, new 
transplants were made, and slides were prepared, stained, and examined micro- 
scopically from each ori^nal subculture. 

RESULTS 

Series L This series of approximately £00 culture attempts was conducted at 
Indiana University. Materials for inoculation were taken in about equal 
numbers frcm Periplanela amcricana, Blaila orienialis, and Parcoblaiia penn- 
sylvanzca. The technique and media used were in general those described above, 
with emphasis on no one kind of medium. The results of this series were not at 

TABLE 1 


Attempts at cultivating the intracellular symbionts of Periplaneta americana 
and Cryptoccrcus punctulatus 
(Series II; see text for explanation) 


SOOICE 0? iHOCUtUil j 

1 

i 

NO, or 1 

TSIAI5 i 

PLATES CONTAMIMAXED | 

1 

OECANISUS PRESENT 



None ' 




Sar- 

cinae 

Dipfa'- 

thetoids 

Oothecae ! 

93 

9 

7 

77 

5 1 

s 

3 

4 

2 

Ovaries 

39 

3 

3 

33 

1 

4 ; 

2 

2 

1 

Fat bodies 

69 1 

6 

3 

60 

0 ; 

5 1 

3 

2 

0 

Total 

201 

18 

13 

170 

6 

17 

8 

1 

8 

3 

Water (controls) 

10 

3 

B 

9 

1 

0 

fl 

0 

0 

0 


all convincing because of the high incidence of positive cultures on plates (about 
35 per cent of aU plates showed growths) and the great variety of organisms in 
these cultures. Most of these positive cultures were readily identified as con- 
taminations by direct correlation of the cultivated organisms with bacteria oc- 
curring commonly in the environment of the roach. With each refinement of 
technique, however, the incidence of positive cultures declined so that, before 
work on this series was terminated, the sporeforming rods comparable to Bacillus 
cuencti were of rare occurrence. Six cultures of diphtheroids, which were not 
readily explained as contaminations, were isolated in this series by subculturing 
apparently sterile spots. These were very similar to the diphtheroids described 
by Glaser (1930). 

Series II. This series, conducted at Harvard University, was for the most 
part a duplication of series I except for greater refinements in technique and in 
the use of Periplanela americana as the source of inoculum, supplemented mth 
Cryptocercus punciulalus. Dissections were done on 15 days, at intervals of 
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approximately 2 weeks. Twelve to 15 plates, plus controls, were inoculated on 
each dissection day. 

The results are given in table 1. Of the 201 plates inoculated, 170 remained 
apparently sterile for at least 3 days. Growths on the 30 plates were, for con- 
venience, designated as heavy contaminations, with a general heavy growth 
over any part of the plate, or as slight contaminations, ■with a few isolated 
colonies affecting only one or two spots. The organisms gro\ving on these plates 
were of many different kinds, including a number of molds not listed in table 1, 
' but all were found frequently as air contaminants on control plates or in cultures 
from the gut and from the exterior of the roach. Besides the contaminations 
listed, there were a total of 20 contaminating colonies on the plates defhutely off 
the inoculated areas. 

Of the 782 subcultures (table 2) from apparently sterile spots, only 28, oi 
3.58 per cent, showed any bacterial growth within the 10 days the cultmes wen 
kept under obseiwation. These 28 positive cultures were of at least 12 different 


TABLE 2 


Results from, suhculluring apparently sterile spots of plates listed in table 1 





OaCANlSUS ON TEANSPtANTS 


OSIGIKAI. SOURCE OF ZNOCULGU 

PLANT3 

Yeast 

BaciUi 

Cocci 

Sarcinae 

Dipt- 

theroios 

Oothecae 

384 

10 


0 

2 

n 

Ovaries 

144 

1 


1 

0 


Eat bodies 

254 

0 

H 

0 

2 

H 

Totals 

782 

11 

4 

1 

4 

n 

Water (controls) 

41 

0 

0 

0 

0 

0 


kinds of organisms: i.e., at least two kinds of yeasts, four kinds of diphtheroids, 
three kinds of other bacilU, two kinds of staphylococci, and one Sarcina. 

Series III. A number of attempts to grow the “symbionts” in vivo was con- 
ducted after the failure of bacteriological cultures became e'vident. In one ex- 
periment 25 hen eggs were incubated at 37 C for 8 to 10 days. A small triangu- 
lar window was cut through the egg shell, and a roach embryo or clump of fat 
body was implanted on the chorioallantois, with adequate precautions against 
contamination. The hole in the shell was sealed with paraffin, and the egg was 
returned to the incubator at 35 C. Temperatures higher than this were usually 
fatal for roach embryos, and hence would probably be unfavorable for the 
bacteroids. Sixteen of the chick embryos hved until the eggs were reopened 
5 to 7 days later. In most cases the roach tissue was walled off and was in the 
process of being absorbed; in two, the inoculum was not located, and in three 
others, the roach embryo apparently provoked no reaction from the chick and 
both continued normal development to the end of the experiment. In anothei 
experiment, suspensions of bacteroid-bearing fat bodies were injected with a 
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capillary pipette into the amniotic cavities of five 7-day-old chick embryos. On 
the fourteenth day, the eggs were reopened, but only degenerating bacteroids 
were found. 

Series IV. Many attempts were made to grow the bacteroids in tissue 
culture, both in tubes and in hanging drops. Fat body clumps kept in drops of 
roach blood gradually lost their bacteroids during a period of about 2 weeks. 
The way in which the bacteroid number decreased was not definitely determined. 
Fat body clumps and bacteroid-laden portions of embryos lived in apparently 
normal condition for as long as 3 weeks in small tubes of media consisting of 
peptone meat extract broth 7 parts, horse blood serum 2 parts, and 10 per cent 
glucose solution 1 part, reaction adjusted to pH 7.0 to 7.2. In these cultures 
there was no indication of bacteroid growth, although about 1 out of 8 showed 
contaminating bacterial growth. Sixty hanging drop cultures of embryonic 
tissues, fat bodies, or gonads in roach blood, crayfish blood, cricket blood, horse 
serum broth, or chick amniotic fluid showed no signs of bacteroid growth al- 
though some of these were maintained, with two transplants, as long as 3 weeks. 

Various and numerous controls were run concurrently with the inoculation 
experiments as follows: 

Air controls. At the time of each series of dissections, a plate of the medium 
used for inoculation was left open on the table or under the hood for 30 minutes. 
A number of different kinds of bacteria found on the inoculated plates were found 
also in these air controls. 

Inoculation technique controls. During the course of each series of inoculations, 
one plate was spotted in the regular fashion, using as inoculum sterile Belar’s 
solution such as was used for washing the roach tissues. In 10 such plates, only 
one colony, a gram-negative rod, appeared. 

Sterilization technique controls. Frequently plates or tubes of media were 
inoculated with non-bacteroid-bearing parts of the roach body, as a leg, a seg- 
ment of muscle, a portion of the ventral body wall, or a clmnp of Malpighian 
tubules. Positive cultures of various sorts occurred in approximately 1 out of 
10 from muscle. Inoculations with large clumps of fat body showed nearly the 
same incidence of infection and the same bacteria as did inoculations with Mal- 
pighian tubules — 20 per cent positive cultures. Oothecae placed in broth after 
they had been sterilized and the embryos removed produced positive growths, 
usually of yeasts and sarcinae, in about one case in four. The same organisms 
were obtained in the same relative frequency by inoculating -with only the lips 
of the sterilized ootheca clipped off beyond the tips of the eggs, shoMng conclu- 
sively that most of the contaminations from oothecae come from between the lips 
where chemicals do not reach them and where they are not normally disturbed 
by the dissection technique used in this work; but the contamination would be 
transferred if the ootheca was opened along the seam or macerated. Numerous 
tubes of media (nutrient agar slats, broth, and gelatin stabs) were inoculated 
with bacteroid-laden and non-bacteroid-laden tissues. In these, positive cultures 
were relatively less frequent than mth plates because chance for air contami- 
nants was reduced to a minimum, but the same contaminants were encoun- 
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tered. Broth cultures were extremely unsatisfactory because of the uncer- 
tainty of the original quantity of contaminant. 

A considerable number of sterilized oothecae were placed on sterile agar slants 
until the nymphs emerged. The aseptic nymphs were reared for as long as four 
months on sterile nutrient agar slants, \vith whole-wheat flour, yeast extract, 
and blood added. Attempts were made to cultivate the symbionts from these 
aseptic nymphs, but no bacterial growth appeared on any medium used in the 
25 trials. 


DISCUSSION AND SPECIAL CONSIDERATIONS 

Several times during the course of this work, I felt certain that I had at last 
cultivated the roach bacteroid. First, there was an unidentified gram-negative, 
nonsporulating rod that occurred in nearly 50 per cent of the inoculated plates 
ior several dissections, but after a change of cages and food supply for the animals, 
the prevalent bacteria suddenly became Serralia marcescens. After a consider- 
able refinement of technique, the prevalent bacteria, occurring in nearly 10 per 
cent of inoculations, was a gram-positive, sporeforming rod that answered the 
description of Bacillus cuenoli as well, at least, as did the organism cultivated 
by Gropengiesser (1925). With greater precautions in sterilization and dis- 
section of roaches and oothecae, however, the occurrence of this sporeforming rod 
was gradually reduced to very infrequent intervals, no matter what medium 
was used. Obviously, then, this sporeforming rod was not the bacteroid, or it 
would grow regardless of more careful manipulation. 

As the teclmique was refined to eliminate the counterpart of Bacillus cuenoli, 
some very slow-growing diphtheroids occurred on subcultures from apparently 
sterile spots, usually on blood media. Usually they appeared about the same 
time on the plate from wliich the subculture was made. These diphtheroids 
fitted the description of Glaser’s Corynebacterium periplaneta very well: they 
were barred, gram-positive; sometimes pleomorphic; did not hquefy gelatine; 
utilized glucose, sucrose, and maltose without gas formation; grew slowly at 
first, doing well only on blood media, and gradually became adapted to routine 
culture media. These bacteria never occurred in more than 6 per cent of the 
subcultures from any set of inoculations, and sometimes 30 plates were inculated 
and the regular 120 subcultures made from them noth no organisms appearing 
except a stray yeast, a sarcina, or a slow-growing gram-negative bacillus. 
Strangely enough, the fewest bacterial growths appeared in the cultures from 
the series of dissections done under the most nearly optimum conditions. 

The explanation for the diphtheroid cultures came accidentally one day when 
an air-control plate of blood medium was being examined under the microscope 
for the preliminary identification of colonies. On that plate were found two 
very tiny, nearly transparent droplets, only about 0.1 mm in diamter. They 
had the appearance of the diphtheroid colonies that had been studied and 
actually proved to be such. Similar diphtheroid colonies were found on nearly 
every air-control plate used after that. More numerous colonies and more kinds 
of diphtheroids were obtained by planting plates of Glaser’s blood media in se- 
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eluded spots in various offices in the Harvard Biological Laboratories. Other 
diphtheroids were isolated from the exterior and from the gut of the cockroach 
in cultures that were not too quickly covered by spreading colonies of more hardy 
forms. Numerous cultural tests failed to differentiate the diphtheroids of the 
experimental cultures from those of the air-control cultures, so the only con- 
clusion that can be dra^\^l is that the diphtheroids in the experimental cultures 
are contaminants that are peculiarly favored by the blood media and spotting 
teclmique used by Glaser. These diphtheroids, that seem to be everywhere, 
produce such tiny colonies in the original culture that it is almost impossible to 
distinguish them from fat droplets on the inoculated area, but when they are 
transferred to fresh media, they make enough growth in a few days to be readily 
visible. They probably enter the plates in the first place as air contaminants, 
because occasionally numbers of colonies of these diphtheroids were found on 
control plates left open under the supposedly sterile hood. The spotting tech- 
nique, which necessitates opening the plate several times, is especially favorable 
to such airborne contaminants, and the procedure of subculturing apparently 
sterile spots makes visible these otherwise unnoticed colonies. 

‘ No attempt has been made to explain the presence, cultural behavior, or taxo- 
nomic position of these diphtheroids since it is quite evident that they are not 
the bacteroids of the cockroach. Some of them, however, were culturally in- 
distinguishable from Corynebacleriwn periplaneta, Glaser. 

In the results of these cultivation experiments, one fact is emphasized: that 
by any one special technique, one or a few kinds of bacteria are favored, resulting 
in partial or total elimination of other types of contaminants. 

Glaser (1930) attempted to prove that the diphtheroids cultivated by him 
were identical with the “symbionts” by injecting suspensions of the diphtheroids 
into living roaches. Heavy suspensions of the diphtheroids did not kill them; 
therefore, he concluded, the roach must have a special natural immunity to this 
diphtheroid. During the course of this study I have determined by the inoc- 
ulation of considerable munbers of roaches (partial results in table 3) that rap- 
idly growing bacteria will kill the insects quickly even though the original in- 
jection is very small, although a thousand times as many organisms of a 
slow-growing strain, such as the diphtheroids or some yeasts, will not kill. This 
points only to the fact that these cockroaches are able to destroy relatively small 
numbers of not too virule bacteria and is proof neither for nor against the identity 
of the diphtheroids. 

Mercier (1907), after preliminary examination, assumed that the “normal” 
cockroach oothecae are free of contaminating microorganisms. Gropengiesser 
(1925), Glaser (1930), and Bode (1936) accepted this assumption and used it as 
evidence that the bacteria they cultivated from the oothecae were the “sym- 
bionts.” These workers overlooked the possibility of frequent inclusion between 
the oothecal hps of normal saprophytic organisms from the vagina or oviducts of 
the cockroach. Although this incidence of infection is not high (20 to 25 per 
cent in the animals used in these experiments), it is frequent enough that it can- 
not be overlooked. Conceivably in some stocks many more females could carry 
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such infection of a nature harmless to the roach but very disconcerting to med- 
dlesome bacteriologists. The high correlation in frequency and kind of 
organisms cultivated from entire oothecal contents and from the lips of the 
ootheca indicate that most of these infections came from the vagina, were at 
first limited to the region beyond the tips of the eggs (figure 3), and occasionally 
spread into the space aroimd the eggs. Less than half as many contaminations 
were encountered following the described technique when fresh oothecae 
were used as the source of inoculum than when embryos of over ten days’ devel- 
opment were used. There was, however, no appreciable difference in frequency 
of positive growths between new and old ootheca when the entire capsule was 
macerated. Techniques in which the oothecae are macerated or are opened by 


TABLE 3 

InjccLion of roaches with hacieria 


OEGANISU 

NUl£B£K OP ORGANISMS 
INJECTED 

EXPERIMENTAL 

ANIMALS 


Serralia marcescens 


5 

0 



5 

1 

Pseudomonas fluorescens 

400,000 

5 

0 

Telragenous sp. 

1,500,000 


5 

Sareinasp. 

3,000,000 

4 

4 

Diphtheroid I 

2,000,000 


5 

Diphtheroid II 

5,000,000 

4 

4 


15,000,000 

8 

2 


Various bacteria isolated from the roaches themselves, grown on agar slants 24 to 48 
hours, and suspended in Belarus solution, were injected into last instar P. amcricana through 
the fovea of the femur in quantities of 0.05 to 0.15 ml. Numbers of bacteria in the suspen- 
sion were determined by counting in a hemacytometer. Death from injected bacteria 
usually occurred within 20 to 60 hours, if at all, depending on virility and dose. 

separation of the lips get the advantage of all possible oothecal infections. This 
probably accoimts for most of the positive cultures of roach “symbionts” from 
oothecae. 

As for the other reported positive cultures of roach symbionts, little need be 
said. Mercier (1907) and Gropengiesser (1925) did not perfect their technique. 
Bode (1936) showed quite clearly that Bacillus cumoti is not the roach symbiont 
by failing to cultivate anything from aseptically raised roaches, by failing with 
hanging di'ops, and by getting B. cuenoli only in liquid media with large amounts 
of inoculation material, in which case he greatly increased the chances of con- 
tamination and lost aU chance of control or even of seeing what was happening* 
Yet, for some reason, not made clear in his report, Bode maintains, doubtfully) 
that Bacillus cuenoli is the roach “symbiont.” 
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Mercier, Gropengiesser, and Bode did the thing that has been done too often 
in the cultivation of intracellular “symbionts”; i.e., they depended on the ac- 
curacy of their technique and on the improbability of a constant contaminant as 
pi-oof that the organism cultivated was the true “symbiont” (for other such 
examples see Schwartz, 1935) in spite of the fact that this organism {Bacillus 
cuenoti) is motile, sporeforming, stains solidly, and is strongly gram-positive, 
all of which characteristics contrast violently mth the bacteroids in the cock- 
roaches. Certain bacteria are known to change some of their characteristics 
under changed conditions, but all such drastic changes as this should be seriously 
questioned before being accepted. Glaser (1930) relied not only on technique 
but on striking similarities (general form, barring, nonmotility, and nonsporu- 
lating properties) between the cultivated organism and the roach s 3 nnbionts, 
and in addition attempted serological comparisons. Hoover (1945), possibly, 
has hit upon one of the factors that has been greatly responsible for repeated 
failures in cultivation; i.e., time. Whether or not she has actually cultivated 
the symbiont of Crypiocercus is not at all certain from her report. From the 
results of the series of experiments described above, it is probable that all of these 
cultures are contaminants, and not the bacteroids. 

Failure to cultivate the bacteroids of the roach may be due to any one of the 
following factors or a combination of these, and should in no way be interpreted 
to mean that these bacteroids are not living units: 

(1) These bacteroids may be so highly specialized for intracellular existence 
that they will not grow in any other medium. Many parasites, even of higher 
types, have not yet been grown outside their chosen habitats. These bacteroids 
are possibly more like rickettsiae than like bacteria, or, as Wallin (1925) suggested, 
perhaps the “symbiont” has become part of the host. Certainly they are 
adapted to a very specific set of conditions, and they caimot reasonably be 
expected to grow under conditions that do not closely appro.ximate their normal 
habitat in most fundamentals. 

(2) The proper medium may not yet have been developed. We know very 
little definitely of the conditions in which these bacteria live such as osmotic 
pressure, specific salt, protein, and fat concentration; hydrogen ion concentration; 
and other conditions existing \vitliin the cell. There are many other bacteria 
and rickettsiae known, both saprophytic and pathogenic, that require special 
media. Some common pathogens have only recently been cultured by using new 
developments in media and by utilizing the living medium of chick embryos. 
It is yet possible that the proper medium may be developed either by trial and 
error or by careful analysis and duplication of the normal bacteroid habitat. 

(3) These bacteroids may have a normal reproductive cycle that is too slow 
for our culture methods. Other work now in preparation for publication shows 
that during the stage of most rapid increase of bacteroid numbers (late embryo) 
it takes 10 days to double the number. Unless this reproductive rate can be 
drastically increased, cultivation of the bacteroids by ordinary bacteriologi- 
cal methods is unlikely. Schwartz (1924) and Glaser (1930) hypothesized a 
chemical control of the host over its “symbiont” numbers, and they think that 
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this controlling element must be diluted before the “sjmibionts” can be culti- 
vated. Contrary to their belief, I have found the “symbiont” increase to follow 
quite closely the weight increase of the host, and no factor controlling the 
bacteroid numbers in the cockroaches other than the regular factors controlling 
cell division and growth in the host could be detected. Theoretically, it is 
possible to adapt the “symbionts” to artificial media that would be so much 
more favorable for their development that they would make a really appreciable 
growth in a month or two. 

There is no evidence to support the idea advanced by Mercier (1907) and 
reiterated by Gropengiesser (1925) that a yeast may at times displace the bacte- 
roids. At times, however, the bacteroids in poorly fixed and insufficiently 
stained sections have somewhat the appearance of yeast because of swelling and 
vacuolization (figure 4). As Buchner (1930), Fraenkel (1921), and Bode (1936) 
have failed to find a yeast in the roach tissues, it is possible Mercier and Gropen- 
giesser misinterpreted poor material. Sarcinae occurred frequently in the 
cultures in this series, as in those of Mercier (1907) and Gropengiesser (1925). 
These, as well as the yeasts, are probably saprophytes or temporary parasites 
that at times live in the vagina or oviduct and from there may be enclosed within 
the ootheca. There is, at present, no basis for hypothesizing that these organ- 
isms play a role as secondary “symbionts.” 

Neither has anyone produced any evidence to support the contention (Buchner, 
1930) that the bacteroids of cockroaches may be different organisms in different 
localities or under different conditions. Extensive study of many species of 
cockroaches and of the same species from widely sepai’ated localities (Kansas, 
Indiana, Florida, and Massachusetts) forces the conclusion that the intracellular 
symbionts of the cockroaches are as specific and constant as are the roaches 
themselves. In this series of studies, there is no indication other than that 


each species of cockroach is the specific host for one organism, and that one type 
only may live within any one roach bacteriocyte. Roaches of all ages of several 
species {Periplaneta americana, P. australasiae, Blaita onentalis, Blatella ger- 
manica, Parcoblatta pennsylvanica, P. uhleriana, P. virginiana, P. latta, Nyclobofa 
noctivaga, Eurycotis fioridana, and Crylocercus punctulalus) were carefully studied 
for occurrence, behavior, morphology, and staining reactions of symbionts. 
Most of these species were used both fresh from the field and after long main- 
tenance under laboratory conditions. Many individuals were subjected to 
drastic experimental conditions, such as partial and complete starvation; un- 
balanced diet; extreme temperature variations; injections of yeasts, bacteria, 
and chemicals into the hemocoele; X-ray and ultraviolet treatment; and de- 
liberate neglect resulting in overcrow'ding and accumulation of their own wastes. 
In all cases, the morphological and staining characteristics of the symbionts re- 
mained remarkably constant, and indicate that the symbionts are at least all 


within the same genus, the differences being merely slight average variations m 
size and in arrangement of bars. Only extreme variations in the symbiont of 
any roach species can be distinguished from any other. Parcoblatta symbionts 
are a little thinner (0.8 p as against 1 to 1.1 in other genera); Blatta symbionts 
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have a greater tendency to form chains of three or four rods, and are more notice- 
ably curved; Blalella symbionts are more uniform in length; and Cryptocercus 
symbionts have broader dark bands and fewer light-staining areas than are usual 
in the others. I have not found the extremely slender symbionts described by 
Hoover (1945). Thes variations are so slight that I cannot definitely identify 
any host by study of a film preparation of symbionts. 

As to the taxonomic position of the cockroach symbionts, I have only to offer 
that they are generically all the same. Their morphology and staining reactions 
do not definitely place them in any established genus of bacteria. They are 
gram-positive but not strongly so. They are uniform rods mth roimded ends, 
straight to half-moon curve, that vary in length from 1.5 to 6.5 m in the same 
host. They divide by fission, typically into two imequal rods that tend to remain 
united imtil, or past, the next division time. They are not acid-fast, and form 
no spores even after the death of the host. They show a barred pattern with 
some stains, especially ivith the Giemsa stain and haematoxylin, and in some 
cases -with carbolfuchsin and with Gram’s stain, and to a much less extent with 
Alberts, Neisser’s, and Loeffler’s stains. No cilia have been demonstrated and 
no movement of the symbionts has been observed by me or recorded by others. 
These symbionts, then, have some of the characteristics of Corynebacterium, of 
Spirillum, and of Bacterium. 

The barred appearance of intracellular “symbionts” following Giemsa stain 
or haematoxylin seems to be rather common as it has been specifically mentioned 
in the gut “symbiont” of Rhodnius (Wigglesworth; 1936); in the “symbiont” 
of the bedbug mycetoc 3 de (Buchner, 1930) ; in the ant “symbiont” (Lilienstem, 
1932); in the root nodule “s 3 mbionts” of legumes; and possibly in others that 
have escaped my attention. Of these, only the “symbiont” of Rhodnius has 
been designated by the investigator as a diphtheroid. Possibly this disposition 
of materials ■\\dthin the “sjmbiont” body is a characteristic derived from the 
intracellular existence rather than an indication of relationship to the Coryne- 
bacterium. It would probably be desirable for taxonomists so to define the 
Rickeitsiaceae (as proposed by Steinhaus, 1940) as to include most of the bacteria- 
like intracellular s 3 mbionts, at least until they can be demonstrated to belong 
to the Bacteriaceae. 

Glaser’s species of diphtheroids {Corynebacterium periplaneta) is probably a 
valid species, if we imderstand that it has not been demonsrated to be the in- 
tracellular symbiont of Periplaneta. 

SUirWARY Aim CONCLUSIONS 

Various techniques for manipulations of intracellular bacteroids, and all kinds 
of media on which growth of the intracellular bacteroids of cockroaches have 
been reported, were tried. 

Numerous attempts to cultivate the intracellular bacteroids of Periplaneta 
americana, Blatta orientalis, Parcoblalta pennsylvanica, and Cryptocercus punclulatus 
failed. 

All bacteria suspected of being the bacteroids were definitely eliminated by 
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reducing their frequency of occurrence Avith each refinement in technique, and 
by cultivating their counterparts from other sources. 

Hanging drop cultures, tissue cultures, implants on chick chorioallantois, and 
injections of the bacteroids into chick amniotic cavities— all failed to produce 
any perceptible increase in bacteroid numbers. 

It is improbable that yeasts or cocci ever displace the normal bacteroids of the 
cockroach. 

It is very doubtful that anyone has yet cultivated the intracellular bacteroids 
of any cockroaches. 

The intracellular bacteroids of the blattids studied are generically the same 
and should probably be included in the Rickettsiaceae. 
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SHIGELLA TYPES ENCOUNTERED IN THE 
MEDITERRANEAN AREA^ 
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The present communication is to report the occurrence of dysentery micro- 
organisms in the Mediterranean area. Similar data on the Salmonella types 
found in that vicinity are given by Bruner and Joyce (1946). 

Between September, 1943, and October, 1945, more than \ Shigella cultures 
were examined serologically and biochemically. These were isolated in the 
Section of Bacteriology of the 15th Medical General Laboratory during food- 
handler examinations and in the investigation of outbreaks of bacillary dysentery 
or were submitted for identification from the laboratories of U. S. Army hospital 
units or medical laboratories. Of the 1,344 cultures, 1,182 were recovered in 
Italy between January, 1944, and October, 1945. Most of the remainder were 
isolated in North Africa (Casablanca to Bizerte) before January, 1944, although a 
few cultmes originated in Sicily and southern France. 

METHODS 

Shigella cultures were identified tentatively by slide agglutinative tests with 
absorbed antiser ums and confirmed by agglutination in serially diluted absorbed 
antiserums or by one-tube tests (Ewing, 1944). The serological methods em- 
ployed were based largely on the work of Boyd (1938, 1940) but w'ere similar 
to those described by other investigators (Wheeler, 1944a, 19446; Weil et al.y 
1944). 

All cultures were confirmed as members of the genus Shigella by their bio- 
chemical reactions. This included tests for the utilization of glucose, lactose, 
sucrose, mannitol, salicin, and citrate; for indole andhydrogen sulfide production; 
for urea hydrolysis; and for motUity. This list was considered the minimum 
that could be used. Mannitol was included, not because of any value in the 
establishment of a culture as a member of the genus Shigella, but because of its 
differential value within the group. 

More extensive biochemical studies were made when the need was indicated. 
Many microorganisms were encountered that proved to be different, serologically 
or biochemically, from the described shigellae. Some of these were studied 
extensively (Wheeler et al., 1946; Ewing, 1946), and others are being investigated 
at present. 


, RESULTS AND DISCUSSION 

Table 1 lists all of the Shigella types encoxmtered in the period mentioned. 
All duplicate cultures were eliminated, and each tabulation represents a case or a 

‘ Based upon studies made in the Section of Bacteriology, 15th Medical General Labora- 
tory, United States Army. 

’ Present address: Department of Pathology and Bacteriology, New York State Veteri- 
nary College, Cornell University, Ithaca, N. Y. 
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carrier. The figures for Shigella ‘paradysenteriae, Flexner III (Z), and Shigella 
species, Q 771, found in hospital patients, are somewhat weighted since 18 of the 
former and 13 of the latter were isolated from two small outbreaks of bacillary 
dysentery in Algeria. Likewise, 7 of the Shigella paradysenteriae, Boyd IV 
(P 274), cultures originated in a single outbreak in Italy. All others came from 
sporadic cases. 


TABLE 1 


Shigella types encountered in the Mediterranean area 


smczvLX 

FOOD HANDIXSS 

HOSPITAL 

M15C. 

lOTAL 


Americaa 

Germaa 




S. paradysenteriae 

P. I (V) 

3 

0 

4 

19 

1 

27 

F. II (W) 

55 

1 

7 

109 

8 

180 

P. Ill (Z) 

31 

4 

6 

94 

6 

141 

F. IV (B. 103) 

31 

0 



1 

60 

P. V (B. P119) 

7 

1 



2 

41 

P. VI (B. 88, Newcastle) 

46 

4 

4 

137 

5 

196 

B. I (B. 170) 

0 

0 

0 


0 

10 

B. II (B. P288) 

0 

0 

0 

1 

0 

1 

B. IV (B. P274) 

12 

3 

0 

46 

0 

61 

B. V (B. P143) 

0 

0 

0 

1 

0 

1 

Lavington (S. elousae) 

12 

0 


14 

2 

29 

Unclassified 

21 

1 


24 

6 

53 

S. alkalescens 

11 

4 


40 

3 

62 

S. 2-193 (2372) 

6 

0 


0 

2 

g 

S. dispar 


2 

0 

22 

3 

67 

S, dispar-iel&ted 


2 

0 

14 

1 

27 

S. sonnei 

71 

2 

4 

136 

16 

229 

S. dysenteriae (Shiga) 

1 

0 

0 

4 

1 

6 

S. ambigua {schmilzii) 

18 

1 

1 

22 

2 

44 

Species, Q771 

0 

1 

0 

46 

0 

47 

Species, Q1167 

1 

0 

0 

8 

0 

9 

Species, Q1030 

0 

0 

0 

8 

0 

8 

Species (SftigelZa-like) 

10 

2 

0 

7 

0 , 

19 

Paracolon, related to S. alkalescens 


0 

0 

8 

1 

12 

Paracolon, related to Boyd IV 


0 

0 

1 

0 

2 

Paracolon, related to Q771 


0 

0 

1 

1 

3 

Total 

391 

28 

36 

■ 828 

61 

Bl 


P., Flexner; B., Boyd. 


Except for a few Algerians, the civilian food handlers listed in the table were 
Italian. The majority of hospital patients were U. S. Army personnel; a few 
were U. S. Navy persoimel, French Colonial soldiers, or German prisoners of 
war. The miscellaneous group was made up of cultures from individuals about 
whom little information was obtained. 

Shigella sonnei occurred most frequently. Two hundred and twenty-nme or 
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17 per cent of the total number of cultures were of this type. Shigella paradys- 
enteriae, Flexner VI (Shigella newcastle, Boyd 88), was second in order of fre- 
quency (14.6 per cent); Shigella paradysenteriae, Flexner II (W), third (13.4 
per cent), and Shigella paradysenteriae, Flexner III (Z), fourth (10.5 percent). 

Subgrouping of the Flexner types was not done routinely. Examination of a 
group of S. paradysenteriae, Flexner II, cultures selected at random indicated 
that the majority were of the Ila variety (Wheeler, 1944a), but some were Ilb, 
and a few appeared to be neither Ila nor lib. Shigella paradysenteriae, Flexner 
I (V), occurred much less frequently than the other members of the Flexner 
group (2.0 per cent) and were, for the most part, of the I type rather than the 
I.III or VZ (Weil et al. 1944), although a few of the latter were isolated. 

Four other microorganisms occm’red commonly. They were Shigella dispar 
(5.0 per cent). Shigella alkalescens (4.6 per cent), S. paradysenteriae, Boyd IV 
(P 274; 4.5 per cent), and Shigella paradysenteriae, Flexner FV (Boyd 103; 4.4 
per cent), in the order of their frequency of occurrence. 

The microorganisms which were more prevalent in the civilian food-handler 
applicants tended to appear more commonly in cases of bacillary dysentery. S. 
paradysenteriae, Flexner IV, and S. dispar are apparent exceptions to this state- 
ment. The former type was more prevalent during 1945 than during 1944. Of 
17 cultures isolated during 1944, only one was recovered from a civilian food- 
handler applicant (Italian), whereas 15 were from hospital patients; one culture 
was placed in the miscellaneous group for that year. During 1945, 30 cultures 
of Flexner IV were isolated from civilians and only 10 originated in hospital 
patients. S. dispar appeared in food handlers more often than in patients with 
dysentery. Serological varieties of this microorganism occurred in cases, how- 
ever, from which no other bacterium of significance was recovered. The disease 
was of a mild nature in most cases and tended to become chronic in some in- 
stances. The same S. dispar serotype was isolated repeatedly from the feces 
of one individual for nearly a year. During this time the person suffered re- 
current attacks of diarrhea accompanied by abdominal pains. 

Although the shigellae of the Boyd group other than S. paradysenteriae, Boyd 
IV (P 274), were not common, they were isolated from cases in which they were 
undoubtedly the etiological agent. 

The cultures listed in table 1 as Shigella species, 2-193, are similar to S. alka- 
lescens in regard to their biochemical characteristics but differ antigenicaUy. 
This type is related serologically to Shigella paradysenteriae, Boyd V (P 143), to 
certain other members of the Boyd group, to S. dispar, and to a lesser extent to 
S. paradysenteriae, IV, V, and Y (impublished data; Wheeler et al., 1946; Car- 
penter and Stuart, 1946). Further studies on this interesting serotype are in 
progress. 

Shigella paradysenteriae, Lavington, is a “new” serotype foimd in North 
Africa and Italy (Ewing, 1946). It is identical to cultures isolated in England 
by Lavington et al. (1946) and by Heller and Wilson in France (1946). 

The imclassified group, which consisted of about 4 per cent of the cultures, 
is made up of Shigella parody senteriae-Vik& isolates. Some are related serologi- 
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cally to the Flexner types, some to the Boyd types, and others bear little or no 
sero-relation to any described type with which they were compard. This group, 
along with some mannitol-negative cultures, is being studied further. 

Only one culture of Shigella dysenleriae was isolated from an Italian civilian 
food handler during nearly two years in Italy. Four cultures were recovered 
from patients in Italy (3 American, 1 Brazilian), but in each instance the history 
indicated that the infection was acquired outside Italy. The sixth culture 
(table 1) was submitted to us indirectly from the American University at Beirut. 

Forty-four cultures of Shigella ambigua, representing 3.3 per cent of the total, 
were examined. Of the other mannitol-negative shigellae (Wheeler and Stuart, 
1946; MacLennan, Shigella species, Q 771, occurred most commonly (di 
cultures or 3.5 per cent). Shigella species, Q 1167 and Q 1030, cultures were 
encoimtered but they were not numerous. Two cultures of Shigella species, 
Q 771, labeled “inagglutinable Shiga” were received indirectly from the Amen- 
can University, Beirut. 

Other maimitol-negative microorganisms are listed in the table as SJagell<^' 
like cultures. A few of these were related to knoavn types, but in most cases 
they were serologically distinct from described shigellae. 

Several motile cultures which proved to be identical to Sachs B.81 and B.lOu 
and similar to no. 29911 of Stuart el al. (1943) were studied but were not included 
in table 1. Other paracolon bacteria were studied and were included in the table 
because of their sero-relation to Shigella types. Some of these, related to S. 
alkalescens or to S. paradysenteriae, Boyd IV (P 274), have been reported (Wheeler 
et al., 1946). Three motile paracolon bacteria antigenically related to Shigella 
species Q 771 have also been studied and reported (IVheeler and Stuart, 1916). 

SUMJIAEY 

A report is made on 1,344 Shigella and Shigella-like cultures isolated in the 
Mediterranean area. The microorganisms were typed by serological methods 
and confirmed as shigeUae by their biochemical reactions. 

A table is included which lists the various types and their sources. Of the 
total, 828 cultures were isolated from hospital patients, 455 from food-handler 
applicants, and 61 made up a miscellaneous group. 

The eight types encountered most frequently were as follows, in the order 
of their occurrence : Shigella sonnei; Shigella paradysenteriae, Flexner VI, Flexner 
II, Flexner III; Shigella dispar; Shigella alkalescens; Shigella paradysenteriae, 
Boyd IV (P 274) ; and Shigella paradysenteriae, Flexner IV. 
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The presence of coliform bacteria in water and in or on other foods depends 
on many environmental factors, each of which must be determined separately 
for each item of food in question. When a correlation is found to exist between 
insanitary methods of food production and the presence of Escherichia coli in 
the finished product, the presence of confirmed fecal strains of coliform organisms 
can be interpreted as ha\dng sanitary significance. Under these circumstances, 
however, if environmental factors tend to permit or promote multiplication of 
the normal flora of organisms, together nith the coliform contaminants, an m- 
terpretation of the sanitary significance of E. coli becomes involved. Despite 
these limitations, the coliform bacteria have long been considered “the only 
bacterial group which can be used with even a reasonable degree of accuracy 
as a measure of pollution” (Himter, 1939). It is not improbable that intestinal 
microorganisms, other than E. coli, have not been investigated because of techni- 
cal difficulties. With the development of “SF” medium (Hajna and Perry, 
1943) and the application of a few taxonomic requirements (Sherman, 1937), 
the enterococci represent a group of intestinal microorganisms which can now 
be readily isolated and identified. The applicability of the enterococci as an 
index of pollution thus merits consideration. 

It has been demonstrated that enterococci are normally present in the in- 
testinal tract of man and many warm-blooded animals (Sherman, 1937 ; Ostro- 
lenk and Hunter, 1946). The work of the latter demonstrated that, in 37 per 
cent of 51 fecal specimens examined, enterococci occurred in equal or in greater 
numbers than E. coli. In the remainiag 63 per cent of the specimens, E. coli 
exceeded enterococci numerically by from one to five decimal dilutions. The 
lower number of enterococci, as compared with E. coli, in human and animal feces 
does not in itself necessarily minimize the potential sanitary significance of fecal 
streptococci. It does, in fact, support the group as a more reliable index of 
pollution, provided there is a significant relationship between the presence of 
the organism and recognized pollution sources. Other factors that must be 
considered include distribution and reproductivity in natme, survival of tem- 
peratme and chemical treatments, and longevity. 

METHODS 

Comparative studies were made of 53 specimens of commercial black walnut 
and pecan meats and fresh animal feces to determine the most efficient method 
and medium for the recovery of enterococci. Previous studies with “SF” broth 
(Ostrolenk and Hunter, 1946) revealed that approximately 7 per cent of the spec- 
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imens examined gave false positive reactions. It was therefore anticipated 
that similiar results would be obtained on the examination of soils and washings 
from commercial foods. As a consequence, Hajna and Perry’s “SF” broth 
was modified to contain 6.5 per cent sodium chloride, 0.4 g K 2 HPO 4 , and 0.15 
g KH 2 PO 4 per liter, and bromthymol blue indicator was substituted for brom- 
cresol purple. This modified medium was evaluated against the original “SF” 
medium with incubation at 45.5 C, both in a constant temperature water bath 
and in a water-jacketed incubator. Preincubation at 37.5 C was also tried. 
Daily examinations of all inoculated tubes for 72 hours revealed that the method 
most productive of fecal streptococci consisted of the use of Hajna and Perry’s 
unmodified “SF” broth for primary enrichment, incubated at 45.5 C in a water- 
jacketed incubator for 24 and 48 hours. Broth tubes showing acid production 
were streaked on “SF” agar (“SF” broth plus 1.5 per cent agar) and thh plates 
were then incubated at 45.5 C for 24 or 48 hours. Five hundred and thirty-one 
colonies, which produced acid on “SF” agar plates and consisted of gram-posi- 
tive streptococci, were isolated for study. These subcultures conformed to the 
taxonomic classification for enterococci (Sherman, 1937), i.e., possessing the 
ability to grow at 37.5 C in glucose broth containing 6.5 per cent sodium chloride, 
in alkaline glucose broth with a pH of 9.6, and in milk containing 0.1 per cent 
methylene blue, and to acidify and coagulate litmus milk. No culture produced 
typical hemolysis on Gasman’s blood agar (Gasman, 1946) incubated in a candle 
jar at 37.5 G. 

Following the development of the methods described above, data were ac- 
cumulated on the longevity of enterococci and E. coli in soil, feces, and on foods. 
Studies were also made to determine the occurrence of these organisms on various 
commercial foods and their distribution in food-producing establishments. 
Parallel coliform determinations were made in the conventional manner using 
standard lactose broth followed by streaking on Levine’s eosin methylene blue 
agar. Typical, well-isolated colonies were fished for confirmation in“lMVIC 
media. 


EXPERIMENTAL 

Survival studies. To determine the longevity of enterococci as compared 
with E. coli under varying conditions of storage and from various sources, the 
following survival studies were conducted: 

Fresh rat and mouse feces were stored in 140-nmi open petri dishes at room 
temperature and at 7.22 G (45 F). Virgin soil and soil fertilized ■with chicken 
manure were each thoroughly mixed and then stored in open 500-ml glass 
beakers at room temperature and at 7.2 C. Five pounds each of pecan meats and j 
soil were artificially contaminated with 18-hour washed suspensions of E- , 
coli and enterococci isolated from rat feces. The pecan meats and soil were then , 
stored in large, flat, shallow, open pans at room temperature. s 

Fifty-gram amounts of each of the soil and pecan specimens and 5-grain jj 
amounts of each of the fecal specimens were examined periodically for the test j 


1947] 


STUDIES OP ENTEROCOCCI AND ESCHERICHIA COLI 


199 


organisms. The soil fertilized with chicken manure (“B" in table 1) contained 
initially more than 100 enterococci but less than 1,000 per gram, and E. coK was 
demonstrated in a maximum of 1/1 ,000-gram portion of the soil washings. 
Eleven examinations of this specimen, covering a period of 160 days, revealed no 
fecal streptococci after 21 days in the portion stored at room temperature 


TABLE 1 

Longevity of enleTOcocci and Escherichia colt in soil, in animal feces, and on food 


NDimES 0* DAIS Kt STOEAGE 




0 

7 

21 

23 

40 

66 

S4 

409 

123 

130 

IGO 

Soil “A" 

Strep. 

ffil 

10-5 

10-5 

10-5 

10 g 

10-5 

Ig 

1 g 

0 

0 

0 


E. coli 

10 g 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Soil "A-l” 

Strep. 


10-5 

10-5 

ffil 

10-5 

10-5 

10-5 

10-5 

10-5 

0 

0 


E. coli 


0 

1 g 

m 

0 

10 g 

0 

0 

0 

0 

0 

Soil “B" 

Strep. 


10 g 

10-5 

0 

0 

0 

0 

0 

0 

0 

0 



■I 

10-5 

0 

0 

10 g 

10 g 

0 

0 

0 

0 

0 

Soil "B-l" 

Strep. 

m 

10 g 

m 

0 

m 

10 g 

1 g 

1 g 

0 

0 

0 




0 

i 

0 

■B 

0 

10 g 

10-5 

0 

0 

0 

Soil "C” 

Strep. 


10-5 

10-5 

B 

10-5 

10-5 

10-5 

[B 

10-5 

■ 

10-5 


E. coli 

lO-J 

10-5 

10-5 


10-5 

10-5 

10"® 

.... 

IB 

10-2 

1 

10-5 

Pecans "P” • 

Strep. 

m 

10-5 

m 

10-5 

wm 

Bg 


1 g 

Ig 


10-5 


E. coli 

10-’ 

10-5 

10-5 

10-5 



10-5 

10-5 

10-5 

1 

10-5 

Rat feces “R” 

Strep. 

10-« 

10-5 

m 

B 


0 


1 g 


10-5 

10-5 


E. coli 

10-5 

10-5 

0-5 

yS 


10-5 


10-5 


0 

0 

Rat feces “R-1” ■ 

Strep. 


10-5 

m 

10-5 


10-5 

mg 

m 

■ 

m 

fm 


E. coli 


10-5 

10-5 



10-5 

Hj: 


■ 

iB 


Mouse feces “M" 

Strep. 

WB 

10-5 

10-5 





10-5 


10-5 

10-5 


E. coli 

10-5 

10-5 




10-5 


0 


0 

0 

Mouse feces "M-1” 

“Strep. 


10-5 

10-5 



10-5 


10-5 


10-5 

10-5 


E. coli 


10-5 

10-5 



10-5 


10-5 


10-5 



Figures (10, I, 10"^, etc.) represent dilution (per g) at which organism was lotmd; 0 
means not found in 10 g. 


but E. coK was present in 10-gram amounts of soil on the 66th day. In the 
second portion of the same soil (“B-1”), stored at 7.2 C, both test organisms were 
recovered on the 109th day but not on the 123rd day. In the unfertilized soil, 
stored at room temperature (“A.”), no E. coU could be demonstrated after the 
initial examination prior to storage whereas enterococci were present in 1-gram 
amounts on the 109th day. In the refrigerated specimen (“A-l”), E. coli 
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siirvived for 66 days and enterococci for 123 days. Soil (“C”), which was 
artificially contaminated, showed a gradual reduction in numbers of both or- 
ganisms from an initial count of approximately 10,000,000 per gram to 100 per 
gram following room storage for 160 days. The pecan meats (“P”), simulta- 
neously contaminated with E. coli and enterococci, showed no apparent re- 
duction in coliform count following 160 days’ storage at room temperature. 
Under the same conditions of storage, the fecal streptococci practically disap- 
peared during this period. 

The results of the examination of rat and mouse feces stored at room tempera- 
ture and at 7.2 C (“R”, “R-1”, “M”, and “M-1”) indicate that enterococci 
survive longer than E. coli imder such conditions of storage, and that refrigeration 
has a preserving action on both test organisms (table 1). 

Commercial foods. Three hundred and eighteen specimens, representing 
foinr classes of fresh and frozen foods, were examined for enteroccocci and E. coli: 

TABLE 2 

Incidence of enterococci and Escherichia coli on commercial foods 


TYPES OP P&ESH AND PSOZEK POODS 


SUBDIVISIONS SBOWINO 

Nut meats 

Fruits and 
berries 

Frozen 

vegetables 

Fresh crabmeat 

(No.) 

(%) 

(No.)'. 

■(%) 

(No.) 

(%) 

(No,) 

(%) 

No strep.; no E. coli 

24 

16.0 

22 

84.6 

6 

13.0 

24 


Strep, equal to E. coli 

11 

7.3 


0 

1 

2.2 

9 

9.5 

Strep.; no E. coli 

80 

53.3 

3 

11.5 

38 

82.6 

56 

58.3 

E. coli-, no strep 

3 

2.0 

1 

3.9 

0 

0 

2 

mi 

Strep, greater than E. coli 

24 

16.0 

0 

0 

1 

.22 

4 

4.2 

E. coli greater than strep 

8 

5.3 

0 

0 

0 

0 

1 


Totals 

ISO 


26 


46 


96 



150 domestically sheUed nut meat samples (three varieties) ; 27 specimens of 
frozen fruits and berries representing seven varieties; 46 frozen vegetable samples 
(eight varieties); and 96 specimens of fresh-picked crabmeat representing claff 
meat, white meat, backfin lump, and fancy pack. The nut meat and fresh 
crabmeat specimens were examined shortly after commercial packaging, whereas 
the specimens of frozen fruits, berries, and vegetables were examined following 
storage of these products of from several months to more than one year. Neither 
coliform bacteria nor enterococci were isolated from 16 per cent ofthenutmeat 
specimens and 25 per cent of the crabmeat specimens; 7.3 per cent of the former 
specimens and 9.5 per cent of the latter specimens contained approximately 
the same number of E. coli and enterococci, whereas 53.3 per cent of the nut 
meat and 58.3 per cent of the crabmeat specimens contained enterococci -without 
any e-vidence of E. coli. Both types of food showed 2 per cent of the specimens 
to contain E. coli but no demonstrable enterococci. In 21.3 per cent of the nu 
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meat specimens and 5.2 per cent of the crabmeat specimens both fecal strepto- 
cocci and E. coU were found, the enterococci occurring m larger niunbers. Total 
bacterial counts were also obtained on all the specimens examined. The esti- 

TABLE 3 

Incid&ncs of Eschenchia coli and enterococci on surfaces in crabmeat plants 


CIABSmAT EST^SUSHUEKT NOUBEE ' 


CUX.X0S£ SSOU 

1 1 j 

2 

} 

i 

5 

6 

7 


fM 

m 


■a 

m 


B 

m 

m 

FS 

\m 

m 

m 

FS 


4_ 

4- 


4- 



4- 

4- 



4- 

4- 



Picking knife 

+ 

1 + 

1 + 

4-i 

+ 

4* 

*r 

4- 

4- 

4“ 

— 



4- 

— 

— 

Picking table 

+ 

+ 

+ 1 

4- 

4" 

4- 

— 

4* 

_ 

— 

4- 

4- 

_ 

_ 

Crabmeat 

i 





1 




— 

— 

4- 

4" 

— 

— 

Pickers’ hands 

•f 

+ 1 

+ 

4- 

+ 

4- 

4^ 1 

4- 

4- 


— 

4* 



Picking knife 1 


- 

+ 

— 

4- 

4- 

4- 

4" 

4* ' 

_ 

4- 

4" 

— 

— 

Pio.king table 



+ 

4* 

4- 

4- 

4- i 

! i 

4- 


4- 


+ 

— 


Crabmeat 1 

1 

1 

1 

4* 1 

4- 

- 

4- 

- 

- 

Pickers’ hands i 


1 

1 

4* ! 

4- 

4- 

4- 





_ 
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Designations : E.e. (jB. coli) ; FS (enterococci) ; + (positive) ; — (negative) . 


mates of microorganisms ranged from less than 10,000 to greater than 20 million 
per gram. Eifty-six of the nut meat samples that contained enterococci and 
coliform bacteria but no E. coli had total bacterial counts of 300,000 or more 
per gram of specimen. 

0r. Robert Helig Librats^. 
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Of the 26 specimens of frozen fruits and berries examined, 3 (11.5 per cent) 
contained enterococci but no E. coli; 1 (3.9 per cent) contained E. coli but no 
fecal streptococci. The remaining 22 specimens (84.6 per cent) contaiaed neither 
enterococci nor coliform bacteria. Thirty-eight (82.6 per cent) of the frozen 
vegetables contained enterococci alone; 2 (4.4 per cent) contained fecal strepto- 
cocci and E. coli; and the remaining 6 (13 per cent) contained neither organism 
(table 2). 

Food establishment specimens. Seven crabmeat-producing establishments 
were studied for the presence of E. coli and enterococci. The following specimens 
were collected for examination: washings from the hands of the operators, swab- 
bings from representative surfaces of the equipment used in picking and packing 
crabmeat, wash water, hand and crabmeat can chlorine dip waters, the cooling 
ice employed in the manufacturing process, and picked crabmeat. Of 117 
specimens examined by the methods described, 45 (38.4 per cent) contained 
neither E. coli nor enterococci; 12 (10.3 per cent) contained no E. coli hut did 
contain enterococci; 4 (3.5 per cent) contained E. coli but no fecal strepto- 

TABLE 4 


Relative incidence of Escherichia coli and enterococci on surfaces in crabmeat plants 


1 

SPECQIEKS SHOWING | 

UmtBEH OF SFEOUENS 

Escherichia coli negative; enterococci negative 

45 (38.4%) 

Escherichia coli negative; enterococci positive 

12 (10.3%) 

Escherichia coli positive; enterococci negative 

4 ( 3.5%) 

Escherichia coli positive; enterococci positive 

56 (47.8%) 


Total number of specimens examined 

117 

Number of specimens polluted (index enterococci) 

68 (58.1%) 

Number of specimens polluted (index E. coli) 

60 (51.3%) 



cocci; and 56 (47.8 per cent) contained both types of microorganisms (tables 3 
and 4). 

It should be noted (table 3) that in the food establishments numbered 3 
and “7” an excellent correlation between sanitary conditions and the preseuce 
of enterococci and E. coli was obtained. Although both establishments po^ 
sessed essentially all the equipment necessary to produce a wholesome, unpollute 
product, rodent infestation, poor supervision, and lack of personal hygiene® 
plant number “3” resulted in the pollution of all surface items examined, 
plant “7”, good control over rodent contamination, proper supervision of opers 
tions, and the control of personal hygiene among the employees resulte(^ 
the elimination of both E. coli and enterococci in the specimens examined. ® 
correlation between plant sanitation and the presence of intestinal types o 
bacteria on contact surfaces is further reflected in the data shown in table 
Sixty specimens (51.3 per cent) were found to be polluted as judged by t ® 
presence of E. coli, whereas 68 specimens (58.1 per cent) were polluted ivhe 
enterococci were used as the index of pollution. 
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SU5IMARY 

A method is described for the isolation of fecal streptococci, employing in- 
cubation at 45.5 C in 0.05 per cent sodium azide broth (“SF” broth) as a primary 
enrichment, followed by streaking on the same medium solidified by 1.5 per cent 
agar (“SF” agar), and incubating the plates at 45.5 C. 

By this method, 531 cultures were studied (from nut meats, frozen fruits and 
berries, frozen vegetables, and freshly packed crabmeat) and found to be pre- 
dominantly Streptococcus faecalis or Streptococcus Uquefaciens. 

Enterococci in artifically contaminated soils and pecan meats and in normal 
feces appear to survive longer than Escherichia coli under identical conditions of 
storage. 

The adverse effect of high total bacterial counts on the isolation of Escherichia 
coli did not obtain with the use of “SF” media to isolate enterococci. ^ It is sug- 
gested that this observation enhances the value of fecal streptococci as an index 
of pollution. 

Data obtained from food-producing establishments show excellent correlation 
to e.xist between sanitation and recovery of both Echerichia coli and enterococci. 
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The catalytic conversion of streptomycin to a dihydro compound was re- 
cently described and some of the biological characteristics of the latter were 
noted (Peck et al., 1946; Fried and Wintersteiner, 1947; Bartz et al., 1946). 
Peck and his coworkers (1946) reported that dihydrostreptomycin showed 
in vitro activity against Bacillus subtilis, and Bartz et al. (1946) also reported 
activity against B. subtilis as well as against some ten other species. In vivo 
studies, by Peck el al. (1946) showed that approximately twice as much 
dihydrostreptomycin trihydrochloride as streptomycin trihydrochloride, cal- 
cium chloride double salt was required to protect 50 per cent of the mice against 
one lethal dose of Salmonella schottmulleri. 

Dihydrostreptomycin is not inactivated by cysteine, hydroxylamine (Peck et 
al., 1946), semicarbazide (Fried and Wintersteiner, 1947; Bartz et al., 1946), nor 
by treatment with mild alkali (Peck et al., 1946; Fried and Wintersteiner, 1947; 
Bartz et al., 1946). Hence, it is relatively stable compared to streptomycin. 

The present paper deals with some comparative biological characteristics of 
streptomycin and dihydrostreptomycin. For the bacterial spectrum shown in 
table 1, streptomycin trihydrochloride prepared from the crystalline triheli- 
anthate was used. The dihydrostreptomycin employed was made from this 
streptomycin preparation (Fried and Wintersteiner, 1947). In the remaining 
comparisons shown here (tables 2 and 3, and figure 1) a streptomycin sulfate 
preparation having an activity of ca. 400 imits per mg and its corresponding 
dihydro compound were used.^ 

IN VITEO ACTIVITY OF DIHTDROSTREFTOirYCIN IN COMPARISON WITH THAT OF 
STREPTOaiYCIN AGAINST VARIOUS ORGANISMS 

In table 1 are shown the minimal inhibiting concentrations (M.I.C.) of pure 
dihydrostreptomycin trihydrochloride as compared with piue streptomycin 
trihydrochloride for 10 species or strains of bacteria. The concentrations, which 
were determined in 0.8 per cent tryptone broth^ at pH 7.5, are given in terms of 
weight rather than in terms of units so that comparisons between the two com- 
poimds may be made directly instead of comparing each with a standard strep- 

^ We wish to thank Dra. Fried and Wintersteiner of the Division of Organic Chemistry, 
The Squibb Institute for Medical Research, for supplying the streptomycin and dihydro- 
streptomycin used throughout this work. 

* The in vitro tests with the two species of mycobacteria were made in a modified Kirsch- 
ner’s medium. 


205 



206 


RICHARD DONOVICK AND GEOFFREY RAKE 


[vOL. 53 


tomycin preparatioR. Since the molecular weights of the two compounds are so 
similgr (691 for streptomycin trihydrochloride and 693 for dihydrostreptomycin 
trihydrochloride) direct comparison of activities in terms of weight is per- 
missible. Each figm’e in the table represents an average of 10 or more assays. 

It will be noted that the organisms are hsted in order of decreasing relative 
sensitivity to dihydrostreptomycin. Thus, although the dihydro compound is 
13 per cent more active against Mycobacterium smegmatis than is streptomycin, its 
activity approximately equals that of streptomycin against Aerohacter aerogenes, 
Bacillus subtilis (Merck), Klebsiella pneumoniae, and Serratia marcescens. To- 
ward one strain of Staphylococcus aureus. Pseudomonas aeruginosa. Bacillus 
subtilis, Mycobacterium tuberculosis, and Bacillus sp., strain 290, dihydrostrep- 
tomycin shows decreasing activity in that order, relative to streptomycin; shoF- 

TABLE 1 

Comparative in vitro activities of streptomycin and dihydrostreptomycin against 


various organisms 



MJ.C. 


TEST OEGANIS!! 

Streptomycm 

tribyarochloiide 

Dihydrostrepto- 
mycin trihydro- 
chloride 

ACnVIIYSAIIO 

Mycobacterium smegmatis 

iis/ml 

1.54 

M/ml 

1.36 

■■ 

Aerohacter aerogenes 

0.086 

0.082 


Bacillus subtilis (Merck) 

0.069 

0.068 


Klebsiella pneumoniae (ATCC 9997) 

0.080 

0.081 


Serratia marcescens 

0.084 

0.089 


Staphylococcus aureus (P-209) 

0.046 

0.055 

0.84 

Pseudomonas aeruginosa 

0.56 

0.82 

0.68 

Mycobacterium tuberculosis H37Rv* 

3.36 

5.66 


Bacillus subtilis (558) 

0.092 

1.60 


Bacillus sp. (290) 

0.012 

0.036 

■PI 


* The authors wish to express their appreciation to Miss Clara McKee for conductiDj 
the in vitro tests with Mycobacterium tuberculosis. 


ing only one-third the inhibitory action of the parent substance against BaciUus 
sp. 290. 


RESPONSE OF STREPTOaiYCIN-RESISTANT ORGANISMS TO 
DIHYDROSTREPTOMYCIN 

A strain of Hemophilus influenzae, type B, grown resistant to streptomyc® 
(Alexander et al., 1946) and an unidentified gram-negative rod described W 
Smith^ (1946) as being very resistant to this antibiotic were tested as to sens 
tivity to streptomycin and to the dihydro compound. In LevinthaTs bro 
25,000 units of streptomycin per ml failed to inhibit the Hemophilus culture, an 

’ This culture was obtained from Miss Dorothy Smith and Dr. Hans Molitor, of 
Merck Institute for Therapeutic Research, to whom the. authors are indebted. 
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in yeast beef broth 2,500 units per ml failed for the unidentified rod. Equiva- 
lent amounts of dihydi’ostreptomycin were similarly ineffective. 

EFFECT OF CULTURE MEDIUM MODIFICATIONS ON IN VITRO ACTIVITY OF 

DIHYDROSTREPTOMYCIN 

It has previously been shoivn that raising the pH of test media increases the 
antibiotic activity of streptomycin (Waksman and Schatz, 1945), whereas in- 


TABLE 2 

Comparison of effect of pH on in vitro activity of streptomycin and dihydrostreptomycin 

against K. pneumoniae 


pH OF TEST BROTH* 

u.i.e. 

StreptomyciQ sulfate 

Bibydrostreptomycin sulfate 


liSlmlt 

vslmlt 

6.4 

0.39 

0.39 

7.2 

0.16 


7.8 

0.14 


8.4 

0.072 


9.0 

0.063 



* Test broth consisted of 0.8 per cent tryptone in water and was adjusted with HCl or 
NaOH to the pH indicated. 

t The concentration is given in actual weight and not in terms of free streptomycin base. 
Comparisons are possible because the dihydrostreptomycin used was prepared directly from 
the streptomycin employed here, the only difference being that the former had been reduced 
by hydrogenation. The streptomycin had an activity of ca. 400 units per mg. 


TABLE 3 

Effect of tryptone concentration on in vitro activity of dihydrostreptomycin against 
K'. pneumoniae at pH 7.0 to 7.1 


CONCENTRATION OP TRYPTONE 

IN TEST BROTH 

U.I.C.* 

Streptomycin 

Dibydrostreptomycin 


VS/nd 

nSlml 

0.5 


0.055 

0.75 

0.124 


1.00 

0.168 

0.166 

2.00 

0.380 

0.256 


* See footnotes to table 2. 


creasing the tryptone concentration in a test broth decreases the activity of this 
antibiotic for K. 'pneumoniae (Donovick and Rake, 1946). The results of a 
comparative study of the effects of pH and tryptone concentration on the 
activity of dihydrostreptomycin and its parent substance are shown in tables 
2 and 3. The procedure for determining the minimal inhibiting concentrations 
was the same as that used in earlier work with streptomycin (Donovick and 
Rake, 1946).' 
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It will be noted that the in vitro activity of both streptomycin and dihydro- 
streptomycin increase with a rise in pH and decrease with a rise in tryptone 
concentration. Under some circumstances, such as at pH 9.0 and in some con- 
centrations of tryptone broth, the in vitro activity of dihydrostreptomycin 
against K. 'pneumoniae appears to exceed slightly that of streptomycia. In 
general, however, the activities of the two substances under these changing con- 
ditions are very similar. 

EXCRETION OP DIHYDROSTREPTOMYCIN IN MICE 

In the upper section of figure 1 is shown the rate of recovery of dihydio- 
streptomycin in the urine of mice following a single, subcutaneous dose equiva- 
lent to 3,450 imits of streptomycin per mouse (172,500 units per kilo). For 
purposes of comparison, data from earlier work on the excretion of streptomycin 
in mice (Rake and Donovick, 1947) are included in the figure. The procedure 
employed in the present work was similar to that used in the previous study, and 
in both cases the data are based entirely on repeated bioassays of the urine 
samples. 

The over-all recovery in the current experiment was ca. 41 per cent of the 
dose administered, which, as shown in figure 1, is somewhat lower than our 
findings with streptomycin in mice, but which is within the broad range of ex- 
perimental variation involved in such work. 

In order to compare the rate of excretion of dihydrostreptomycin with that 
of streptomycin it is convenient to plot the data, taking the total amount of 
antibiotic recovered in the urine in each experiment as 100 per cent. When this 
is done {vide lower section of figure 1), the streptomycin curves from three ex- 
periments are foimd to coincide very closely and that of dihydrostreptomycin 
shows a slightly slower rate of excretion. Thus, while 34 to 44 per cent of the 
recovered streptomycin appeared in the urine during the first half-hour, in the 
case of dihydrostreptomycin only 20 per cent of the antibiotic recovered wM 
found during this period. Further, whereas 80 to 88 per cent of the streptomycin 
recovered appeared during the first hour, it required 2 hours to reach 88 per cent 
in the case of dihydrostreptomycin. However, excretion of a drug is a complex 
fimction of blood levels, which in turn are determined by absorption and db" 
tribution, as well as by renal activity. Consequently, it would be unwise for the 
present to carry conclusions any further than to say that in mice the dihydro 
compound is excreted in a qualitatively similar fashion to streptomycin. 

TOXICITY OF DIHYDROSTREPTOMYCIN 

Streptomycin having an in vitro activity of ca. 400 units per mg and its cor- 
responding dihydro preparation were tested in cats^ for blood-pressure-lowering 
effects, and in mice for immediate and delayed toxicity when adiriinistered iD' 
travenously. The cat test, as described by the Food and Drug Administration 
in Minimum Specifications for Streptomycin, is based upon the comparison of the 

■* The authors are indebted to Dr. J. C. Burke, of the Pharmacological Development 
Department, E. R. Squibb and Sons, for conducting the cat tests. 
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Fig. 1. Excretion op Streptoutcin and Dihtdrostbeptomtcin in Mice 

blood-pressure-lowering effect of a given dose of streptomycin with that of a 
standard dose of histamine, under fixed conditions. The histaminelike action 
of some impure streptomycin preparations is due to impurities. 
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The streptomycin used in these studies caused a blood-pressure-lowering 
effect of >6 X the standard dose of histamine, but after reduction with hy- 
drogen, the resultant dihydrostreptomycin preparation caused an effect in this 
test approximately equal to the standard histamine dose. ■ Should dihydrostrep- 
tomycin prove to be a therapeutic agent approximately equal to streptomycin, 
the process of conversion of streptomycin to dihydrostreptomycin by hydrogen- 
ation will have a secondary value of reducing some impurities capable of this 
histaminelike action. 

The intravenous toxicities of the two compoimds in mice were not essentially 
different from each other. The LDm of the streptomycin used was between 
4.0 and 4.5 mg per mouse (equivalent to ca. 1,600 to 1,800 imits per mouse or 
91,500 to 103,000 rmits per kilo), whereas that of the reduced preparation lay 
between 5.0 and 5.5 mg per mouse. Shock began to appear in mice at doses c 
2.5 mg of streptomycin and 3.0 mg of dihydrostreptomycin. However, the di 
ferences may again be referred to impurities. All deaths occiured within 1 hou 
(usually in considerably less time) from the time of injection, and mouse weigh 
and food intake data gathered during a 21-day period following the injectio 
showed no abnormalities in either group. Autopsies at the end of this period o 
mice that received 4.5 mg of streptomycin and 5.0 mg of dihydrostreptomyci 
revealed no pathological changes in either group. 

DISCUSSION 

Dihydrostreptomycin is a unique derivative of streptomycin in that th 
antibiotic activity against many organisms remains largely intact in spite of tb 
reduction of the aldehyde group in streptomycin to a carbinol group. Wiei 
this aldehyde group is treated with carbonyl reagents (Brink et ah, 1945; Don 
ovick. Rake, and Fried, 1946) or when oxidized to a carboxyl group (Fried ani 
Wintersteiner, 1947), the antibacterial activity is lost. The question thei 
arises whether the biological activity of dihydrostreptomycin is an inheres 
characteristic of the compound per se or whether a conversion to streptomycn 
occurs before antibiotic action is possible. 

Studies attempting to solve this interesting problem are underway. 0® 
approach is through the formation of maltol from streptomycin by treatmeD 
with mild alkali (Schenck and Spielman, 1945) and the failure of this treatment t' 
produce maltol from dihydrostreptomycin (Peck et al., 1946; Fried and Winter 
Steiner, 1947). Maltol can be detected by its characteristic ultraviolet eb 
sorption (Fried, Coy, and Donovick, impublished). In one preliminary stu4 
we found that no maltol could be demonstrated by this procedure* when n 
'pneumoniae cells were prepared in a very heavy suspension in a dihydrostrep 
tomycin solution, the mixture was incubated for 24 hours at 37 C, the ce® 
were removed by centrifugation, and the supernatant fluid was examined m 
maltol. 

In the investigation of the excretion of dihydrostreptomycin in mice, describei 

‘We wish to thank Dr. J. Fried and Mr. F. Russo-Alesi for making the ultraviolet absorp 
tion studies. 
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above, aside from in vitro assays, the urine was also examined by the ultraviolet 
absorption procedure. Further work is needed, however, as the results were 
ambiguous. After the mice had been injected there appeared in the urine 
substances other than maltol that absorbed ultraviolet light at the wave length 
used for detecting maltol. The very high concentrations of antibiotic in the 
2 -hour and 1-hour samples, representing 70 per cent of the total activity re- 
covered, makes it possible to say that little or no maltol was present in these 
fractions. In later samples, which contained smaller amounts of antibiotic, 
the interfermg substances were of such magnitude, relative to the concentration 
of antibiotic, as to nullify quantitative interpretation. 

SUMMARY 

Dihydrostreptomycin, which is an antibiotic compound derived from strepto- 
mycin by reduction with hydrogen, has in vitro activity equal to that of strepto- 
mycin for some bacterial species, but for others its activity is only a fraction that 
of streptomycin. In the case of one strain of Mycobacterium smegmaiis its activ- 
ity is slightly greater than that of streptomycin. 

Changes in pH and tryptone concentration in test broths affect the anti- 
bacterial activities of streptomycin and the dihydro compound similarly. 

Two species of bacteria resistant to streptomycin were also shown to be re- 
sistant to dihydrostreptomycin. 

The excretion rates of these two compounds as well as their toxicities in mice 
are very similar. 
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The wide assortment of preserved foods from which botulism has been con- 
tracted plainly indicates that Clostridium botulinum can utilize a variety of 
naturally occurring nutrients for production of toxin. Yet in the laboratory, 
meat infusion, peptone media are customarily employed for this purpose. When 
detailed studies on the purification and characterization of the toxin were con- 
templated, the expense of infusion media and the difficulty of obtaining meat 
during wartime presented serious difficulties. A search was, therefore, imder- 
taken for media that could be prepared in quantity at minimum cost and yet 
provide the necessary nutrients for the production of highly toxic cultures of 
Clostridium botulinum, type A. A study was also made of certain biochemical 
changes that accompany toxin production, in order to provide, if possible, rel- 
atively simple and rapid methods for determining when to harvest cultures con- 
tmning maximum levels of toxia. The results of this investigation, as reported 
herein, have provided means for obtaining sufficient toxin to permit crystalli- 
zation and biochemical study of the pure toxin by Lamanna et al. (1946). A 
similar investigation of media for the preparation of toxoid was conducted con- 
currently by Nigg ei al. (1946), who adopted somewhat different formulae to 
avoid the introduction of allergenic substances that might interfere with clin- 
ical use. 

To a considerable degree the development of practical media was advanced by 
the unpublished contributions of a number of independent investigators whose 
names are listed in the acknowledgment. In addition to the impublished data 
cognizance was taken of certain pertment observations recorded in the litera- 
ture, such as the work of Burke (1919), Elberg and Meyer (1939), Gladstone 
and Fildes (1940), Dack and Wood (1928a; 1928b), Dack, Wood, and Dehler 
(1928), Wagner, Meyer, and Dozier (1925), Dozier, Wagner, and Meyer (1924), 
Stark, Sherman, and Stark (1928), and Lamanna and Lewis (1946). The re- 
views on bacterial nutrition by Knight (1938) and Peterson and Peterson (1945) 
were also helpful. 

METHODS 

The “Hall” strain of C. botulinum, type A, obtained through the courtesy of 
Dr. J. H. Mueller, Harvard University, was selected for this investigation be- 
cause unpublished work by McCoy and Sarles (1943) indicated that it produced 
more toxin per unit of culture than any other strain tested by them. 

Inocula for experimental work were prepared by first transferring approxi- 

* Studies conducted at Camp Detrick, Frederick, Md., from June to December, 1943. 
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mately 0.1 ml of the turbid supernatant fluid from a well-stirred meat mash 
stock culture to a tube or bottle containing a medium similar to those being 
tested. After incubation at 34 C for 18 to 30 hours appropriate aliquots were 
transferred aseptically to experimental media. Initially inocula were sometimes 
taken directly from meat mash cultures to test media; however, this introduced 
the possibility of carrjdng over vmknown ingredients which would influence the 
results. Final data were obtained with inocula from cultures which had under- 
gone several serial transfers in appropriate liquid media at 24- to 48-bour 
intervals. 

The corn steep liquor employed in many experiments was obtained in wooden 
barrels from the Com Products Refining Company, Argo, Elinois. As received, 
it contained approximately 50 to 60 per cent solids. When media containing 
this material were sterilized in the autoclave, massive precipitates w^ere en- 
countered. To avoid this difliculty the com steep liquor was diluted suf- 
ficiently with water to make a thin, free-flowing slurry, which was then adjusted 
to pH 8.4 to 9.0 with concentrated sodium hydroxide. The mixture was heated 
to boiling and clarified by centrifugation or filtration. Approximately 40 per 
cent of the solids were removed. The filtrate could then be incorporated in 
culture media mth the formation of relatively little precipitate upon sterilization. 
The quantities of com steep liquor used in this investigation have been recorded 
in terms of the approximate amoimts of total solids. 

When casein or powdered milk were to be used, 10 per cent suspensions were 
first prepared by adding each 10-g lot of powder to 90-ml portions of tap water, 
adjusting to pH 7.6 to 8.0 Avith n/1 NaOH, and stirring in a Waring “blendor” 
until finely dispersed, stable suspensions were obtained. When necessary, the 
total volumes were brought to 100 ml by further additions of water. Ap- 
propriate aliquots of the 10 per cent suspensions were then mixed with other 
ingredients to give the desired final concentration of casein or milk. 

Test media were usually prepared in 100- to 150-ml amoimts in 6- or 8-oz 
serew-capped prescription bottles. The hydrogen ion concentration was ad- 
justed mth sodium hydroxide or hydrochloric acid so that the media were at 
pH 6.8 to 7.4 after sterilization in the autoclave at 120 C for 15 to 20 minutes. 
The bottles of media were inoculated soon after preparation with relatively heavy 
inocula (usually 2 to 5 per cent by volume) and were incubated at 34 C. 
these conditions no special procedures were required to insure adequate an 
aerobiosis, provided agitation was minimized to avoid imdue aeration of the 
medium. 

Growth was estimated by turbidity, evolution of gas, proteolysis, and nu- 
croscopic observation of films stained by Gram’s method. 

For the determination of toxicity, cultures were first diluted in a solution of the 
following composition: 


Gelatin (Difco) 2 g 

NaHoPO^-HjO 7.25 g 

NaoHPO^ 3.70 g 

Distilled water to make 1,000 nu 

Approximate pH 
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White mice weighing 18 to 24 g were then injected intraperitoneally with 0.5-ml 
aliquots of each dilution. Because of the limited number of animals available, 
only two to four mice were injected ivith each dilution, and statistically sig- 
nificant LDeo values could not be obtained. For this reason the data have been 
recorded in terms of an approximate MLD based on the greatest dilution causing 
death of half or more of the mice within 4 days. 

Determinations of pH were made with a standardized glass electrode appa- 
ratus. Chemical analyses were performed according to the procedures given by 
Hawk and Bergeim (1942). Tests for reducing substances and nonprotein 
nitrogen were made, respectively, by the Folin-Wu. and Koch-McMeekin 
methods. 


RESULTS 

Selection of Ingredients for Production of Toxic Cultures 

Preliminary comparison of casein, gluten, and peptone. The initial trials were 
directed toward a preliminary evaluation of different protein sources to replace 
the casein digest and meat peptone commonly employed in media for C. bot- 
ulinum, type A. A basal medium containing yeast extract, cerelose (commercial 
glucose), thioglycolic acid, and tap water was used to compare casein, com 
gluten, Difco peptone, and pepticase (casein digest). When inoculated lightly, 
the various culture media listed in table 1 showed appreciable differences in 
toxin production. The basal medium Avithout proteinaceous material or with 
1 per cent Difco peptone failed to support growth. Media containing either 
casein or com gluten in concentrations of 2.5 per cent allowed production of only 
1,000 MLD of toxin per ml, whereas the pepticase medium supported the pro- 
duction of 100,000 MLD per ml. 

When mixtures were employed, 2 per cent casein plus 0.5 per cent pepticase 
permitted the development of 1,000,000 MLD per ml. As the pepticase was 
decreased below this figure and the casein increased proportionally, toxin pro- 
duction was correspondingly reduced. Mixtures of casein and peptone allowed 
production of even less toxin than the casein alone. Because of physical dif- 
ficulties of handling com gluten in liquid media, less extensive trials were made 
with this material than -with the casein, but it appeared from a single trial, 
using a combination of 0.1 per cent pepticase and 2.5 per cent gluten, that this 
mixture was equivalent to a similar medium in which casein replaced the gluten, 
for both produced 10,000 MLD of toxin per ml. 

Since some toxin had been produced from the casein alone, it seemed possible 
that by increasing the inoculum or adjusting environmental conditions this pro- 
tein might completely substitute for pepticase. A second series of experiments, 
was, therefore, conducted to compare casein digest with casein. In this case 
both the commercial product, pepticase, and a laboratory pancreatic digest of 
casein were employed in the basal medium mentioned above. After 3 days’ 
incubation at 34 C, all three media contained approximately 100,000 MLD of 
toxin per ml. It seemed probable from these data that casein was as useful 
as casein digest for toxin production, thus eliminating the laborious digestive 
processes. 
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To determine the least amount of casein that would be practicable, vatying 
concentrations from 0.05 to 2 per cent were tested. The results given in table 
2 indicate that 0.25 to 0.5 per cent casein was adequate in the yeast extract 
cerelose medium previously described. In this range, 100,000 to 1,000,000 
MLD of toxin per ml could be obtained regularly, and no further increase in 
yield was observed when the casein content was increased to 1 or 2 per cent. 
Lesser amounts than 0.25 per cent failed to support adequate growth, thus mat 

TABLE 1 

Variations in toxin production with culture media containing different kinds and 


combinations of proteinaceous material 


1 

SUPPLEUENTS TO BASAL MEDIUM* (%) 


Peptone 

Pepticase 

Casein 

Gluten 

0 

0 

0 

0 

Of 

1 

0 

0 

0 

Of 

1 

0 

1.5 

0 

<0.01t 

0.1 

0 

2.4 

0 

<o.on 

0.01 

. 0 

2.5 

0 

<0.01t 

0 

2.5 

0 

0 

1. 

0 

1.0 

1.5 

0 

1. 

0 

0.5 

2.0 

0 

10. 

0 

0.1 

2.4 

0 

o.lt 

0 

0.01 

2.5 

0 

o.ou 

0 

0 

2.5 

0 

o.ou 

0 

0 

0 

2.5 


0 

0.1 

0 

2.5 

0.1 


* Basal medium: Difco yeast extract 0.5 per cent, glucose (cerelose) 0.6 per cent, thio- 
glycolic acid 0.05 per cent, and tap water. Adjusted to pH 7.5. Dispensed in teat tiibei 
(10 ml per tube) and sterilized in the autoclave at 120 C for 15 minutes. 

Supplements: Bacto peptone was obtained from Difco; pepticase (a tryptic digest o 
casein) received from Sheffield Farms, Inc. ; technical grade of acid-precipitated casein wM 
procured from Baker Chemical Company; gluten was a granular product made cowmer 
daily from corn (manufacturer unknown). 

Inoculum: One loopful of 5-day meat mash culture per tube. 

Incubation: Three days at 34 C. 
t No growth. 
t Slight growth. 

ing abu n da n t toxin production impossible. For routine toxin production 0.3 
per cent casein has been used successfully. 

Supplements to replace yeast extract. To produce the quantities of toxin needed 
for biochemical studies, it was necessary to grow the cultmes in large contained, 
such as 5-gaUon carboys, and to have an adequate inoculum constantly avail- 
able for successive production lots. Serial transfers of the culture in the 
duction medium were therefore desired in order to provide a relatively la^S® 
volume of inoculum at frequent intervals for the large culture vessels. Sue 
cessive transfers in the casein, yeast extract, glucose medium resulted, however, 
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in partial loss of toxicity after the second transfer and eventual failure of growth 
after 4 to 6 transfers. From these results it appeared that the medium was 
deficient in some constituent necessary for the continued development of Clos- 
iridium hoiulinum. 

A search was then undertaken to find supplements which would either replace 
or fortify the yeast extract. For this purpose a basal medium composed of 2 
per cent casein, 0.6 per cent cerelose, and 0.05 per cent thioglycolic acid in tap 
water was employed. Serial transfers were made at daily intervals, using 2 
per cent by volume of the preceding culture. Table 3 records the results of the 
first and fourth transfers after each had been incubated for 3 days at 34 C. The 
first transfer showed growth and toxin production to the extent of 100,000 to 
500,000 MLD per ml m all media. After the fourth transfer appreciable dif- 


TABLE 2 

Concentration of casein required for toxin produelion 



' ULD FES la. X 10‘ 

A 

B 

(#«r cent) 



2 

10 

5 

1 

10 

1 

0.5 

10 

6 

0.25 

5 

1 

0.10 

» 


0.05 


* 


Basal medium: Difco yeast extract 0.5 per cent, glucose (cerelose) 0.6 per cent, thiogly- 
colic acid 0.05 per cent, and tap water. Adjusted to pH 7.4. Sterilized in the autoclave 
at 120 C for 15 minutes. 

Inoculum : Two per cent of a 24-hour culture in basal medium plus 2.5 per cent pepticase. 

Incubation; Three days at 34 C. 

Casein: Technical grade procured from Baker Chemical Company. 

A and B: Indicate replicate trials. 

* Growth slight or absent; no toxin formation detected. 

ferences in growth and to^ production were evident, depending upon the sup- 
plement employed. The basal medium without supplements, as well as the 
casein digest medium used to prepare the initial' inoculum, showed no growth. 
Supplementing the basal medium with barley malt extract or beef infusion per- 
mitted slight growth but little or no toxin production. Yeast extract, ground 
beef, and barley sprouts extract supported some growth through the fourth 
transfer but permitted production of toxin only to the extent of about 100,000 
MLD per ml. Com steep hquor, cerophyl, or a mixture of yeast extract and 
cerophyl allowed adequate growth and production of 500,000 to 1,000,000 MLD 
of toxin per ml. Among the more useful of these supplements com steep liquor 
seemed to be the most economical and readily available. For this reason it was 
used in later experiments to replace the yeast extract. 

Eliminalion of thioglycolic acid. Up to this point, thioglycolic acid had been 
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incorporated into the medium as a reducing agent to aid the initiation of growth, 
but there was no proof that it contributed beneficially to the medium. Com- 
parison of casein, com steep liquor, glucose media with and ivithout 0.05 per 
cent thioglycolic acid showed, in fact, that abundant growth and toxin pro- 
duction to the extent of 500,000 MLD per ml could be obtained either with or 
without this reducing substance when 2 per cent of an actively growing culture 
was used as the inoculum. Although this constituent was periodically included 


TABLE 3 

Influence of supplements on toxin production in casein, glucose, thioglycolale medium 


STJPPLEIEENTS 

MLD PES ML X 105 

APTEH SERIAL TRANSFERS INDICATED 

' 

1st 

4th 

{per cent) 

None 

1 

<1* 

Yeast extract (Difco) 0.5 

5 

1 

Corn steep liquor (clarified) 0.4 (solids) . 

5 

5 

Cerophylf 0.5 

1 

6 

Cerophyl 0.05 

1 

1* 

Cerophyl 0.25 -1- yeast extract 0.25 

5 

10 

Ground lean beef 0.5 (wet weight) 

1 

1* 

Beef infusion 2.5 (based on wet weight 
of meat) 

1 

<1* 

Barley malt extract 0.25 (based on 
weight of malt) 

1 

<1* 

Barley sprouts extract 0.25 (based on 
weight of sprouts) 

1 

1 

Casein digestj 2.5 (based on weight of 
casein) 

5 

<1* 


per cent, and tap water. Adjusted to pH 7.4. Sterilized in the autoclave at 120 C for U 
nunutes. Readjusted to pH 6.8 to 7.2 with n/1 NaOH when necessary. 

Inoculum; Media initially seeded with 2 per cent of a 24-hour culture containing peph 
case 2.5 per cent, Difco yeast extract 0.5 per cent, glucose 0.6 per cent, thioglycolic aci< 
0.05 per cent, and tap water. 

Incubation; Three days at 34 C. 

* Growth slight or absent. 

t Dry, powdered, green vegetation commercially prepared. 

t Formula as for inoculum above. 


in other test media, it was eventually abandoned because toxin production 
not influenced by its absence. 

Selection of 'proteinaceous material. Using the com steep liquor, cerelose basa 
medium, various protein materials were again compared with particular regard 
to their toxin-producing qualities. Table 4 shows that casein digest, casein fron 
three different commercial sources, com gluten, and powdered milk were ^ 
satisfactory in that all of them permitted development of approximately 500, 
MLD of toxin per ml. Com gluten was again regarded as xmdesirable becaua 
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of its insolubility in liquid medium. Casein required careful manipulation to 
disperse it properly in the medium. Casein digest, though more easily handled, 
was available only in limited amounts and at high cost. Powdered milk had the 
advantage of ready availability, minimum processing requirements, and easy 
dispersion in the culture medium. For these reasons the medium composed of 
powdered milk, corn steep liquor, and glucose was selected for various additional 
tests to determine the minimum concentration of each ingredient required, the 
effect of supplements, and the possible influence of varying the amount of 
inoculum. 

Although powdered milk Avas chosen for further experimental work there was 
no indication that the use of casein was fundamentally objectionable. Pos- 
sibly elimination of the additional constituents of milk, especially lactose, Avould 


TABLE 4 

Equivalent toxin production in media containing milk, casein, or gluten 


PSOXEtN SOHECE 

CONCENTRATION 

1 ULD lES lO. X 10‘ 

A 

B 

Casein digest (pepticaae) 

tier cent) 

2.5 

1 

5 

Casein (Baker) 

' 2.0 

5 i 

5 

Casein (Hercules) 

2.0 

5 

5 

Casein (Coleman & Bell) 

2.0 

6 1 

5 

Powdered skim milk 

2.0 

5 1 

10 

Corn gluten 

2.0 1 

5 j 

5 


Basal medium; Alkali-heat-treated corn steep liquor 0.4 per cent dry weight, glucose 
(cerelose) 0.6 per cent dry weight, thioglycolic acid 0.05 per cent by volume, and tap water. 
Adjusted to pH 7.5. Sterilized in autoclave at 120 C for 15 minutes. Adjusted after sterili- 
zation to pH 6.8 to 7.2 when necessary with n/1 NaOH. 

Inoculum: Two per cent by volume of a 24-hour culture in basal medium plus 2 per cent 
casein. 

Incubation: Three days at 34 C, 

A and B: Indicate replicate trials. 

tend to discourage rapid growth and acid production by contaminants that oc- 
casionally find their way into mass cultures. In any event, either casein or 
powdered milk was as satisfactory as digests of casein or meat for the pro- 
duction of highly toxic cultures of the “Hall” strain, which is actively proteolytic, 
and is, therefore, capable of decomposing protein as the culture develops. 

Minimum effective concentrations of selected constituents. Table 5 summarizes 
the data concerning the minimum concentration of each ingredient required for 
maximum toxin production. All media permitted growth, but toxin production 
was maximum only when proper concentrations of all three constituents were used. 
This suggests that the requirements for growth and toxin production may not be 
identical in the case of C. hotulinum. The omission of any one of the three 
ingredients prevented the accumulation of toxin in abundance, and when 
suboptimal amounts of various constituents were employed, toxin production de- 
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creased accordingly. The following are the approximate minimum 'concen- 
trations which allowed maximum toxin production: 2 per cent powdered skim 
milk, 0.2 per cent com steep liquor (total solids), and 0.3 per cent glucose. 
Inasmuch as the levels did not seem to be critical in the range of excess quantities, 

TABLE 5 


Minimum effective concentrations of milk, glucose, and corn steep liquor for toxin production 


coNSTnniNTs or uediot (peb cent dev weight) 

ULD EES UL X 10 * 

Milk* 

Glucoset 

Com Steept 

6 . 0 , 

0.5 

0.4 

5 

2.0 

0.5 

0.4 

5 

0.5 

0.5 ' 

0.4 

<1 

0.2 

0.5 

0.4 

<1 

0.05 

0.5 

0.4 

<1 

2.0 

0.6 

0.4 

10 

2.0 

0.5 

0.4 

10 

2.0 

0.4 

0.4 

10 

2.0 

0.3 

0.4 

5 

2.0 

0.2 

0.4 

5 

2.0 ' 

0.1 

0.4 

1 

2.0 

0 

0.4 

<1 

2.0 

0.3 

0.8 

5 

2.0 

0.3 

0.4 

10 

2.0 

0.3 

0.2 

10 

2.0 

0.3 

0.1 

5 

2.0 

0.3 

0 

<1 

2.0 

0 

0 

<1 


Inoculum: Five per cent of a 24-hour culture prepared in the first medium listed in the 
table. 

Incubation: Three days at 34 C. 

* Powdered skim milk. 

t Commercial quality sold under trade name, Cerelose. Sterilized separately and added 
aseptically to other constituents for this test. 

t Heavy , fermented corn steep liquor was clarified and then used in amounts required to 
provide the total solids indicated. 

the amounts of glucose and com steep liquor were increased to 0.5 and 0.4 per 
cent, respectively, for the routine production of toxin. 

Observations on added ingredients. It was well established, both from the 
literature and from experience gained during this investigation, that the tofln 
was relatively unstable when cultures were incubated for prolonged periods- 
One of the factors influencing the stability of the toxin is the change in hydrogen 
ion concentration resulting from the accumulation of metabolic products of the 
organisms. In the hope of finding materials which would tend to stabilize the 
toxin and allow greater accumulation in the culture medium, a variety of sup- 
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plements were added to the milk, glucose, com steep liquor medium described 
above. After inoculation, cultures were incubated at 34 C, and aliquots were 
removed on the first, second, and ninth days of incubation. Determinations 
of pH and to.xicity were made on each sample, and the results are shown in table 6. 

TABLE 6 


Influence of supple7nenis on production and retention of toxin by C. botulinum (type A) 
in a milk, glucose, com steep liquor medium* 


SDPPtElIENTt 

CAYS 

pH 

lUD PES UL X 10> 

Lard stick 

1 

5.9 

>5 


2 

6.0 

10 


9 

6.3 

5 

Peanut meal 

1 

5.9 

5 


2 

6.0 

10 


9 

6.3 

1 

Black peat 

1 

6.0 

>5 


2 

6.2 

25 


9 

6.8 

<1 

Blackstrap molasses 

1 

5.8 

5 


2 

5.9 

25 


9 

6.2 

5 

Cerophyl 

1 

5.8 

5 


2 

5.9 

25 


9 

6.2 

0 

Distillers’ solubles 

1 

5.8 

>5 


2 

5.8 

10 


9 

6.2 

5 

None 

1 

5.8 

5 


2 

5.9 

10 


9 

6.2 

5 


Inoculum: Three per cent of a 24-hour milk, com steep, glucose culture. 

Incubation: 34 C. 

* Basal medium: Dried skim milk 2 per cent, alkali-heat-treated corn steep liquor 0.3 
per cent (dry weight), technical glucose 0.3 per cent, and tap water. Adjusted to pH 7.6. 
Sterilized at 120 C for 15 minutes. 

t Supplements suspended in water, sterilized at 120 C for 15 minutes, and added asepti- 
cally to basal medium to give a final concentration of 0.2 per cent. 

During the first 24 hours a marked drop from pH 7.0 to pH 5.8 to 6.0 occurred, 
and, in some cases at least, relatively large amounts of toxin accumulated. 
During the following 24 hours the pH remained unchanged or reverted slightly 
toward the alkaline side, and toxin production appeared to have reached the 
maximum level in most cultures. The basal medium contained 1,000,000 AILD 
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of toxin per ml, and those cultures containing supplements had toxicities of the 
gamfi order of magnitude, although the presence of cerophyl, blackstrap 
molasses, or black peat tended to give slightly higher values. By the ninth day 
of incubation the pH of most media had reverted to 6.2 to 6.3, although the ones 
containing black peat had risen to pH 6.8. The toxicity of all cultures had 
decreased imtil 500,000 MLD per ml or less remained. In the case of black 
peat, which showed the marked rise in pH, less than 100,000 MLD of to-m 
remained. These results indicate that the supplements tested were of no 
special value for enhancing the stability of toxin or markedly increasing the yield. 
Ih fact, it appeared that additional constituents might make the medium less 

TABLE 7 

Influence of agitation and amount of inoculum on toxin production in milk, glucose, corn 


steep liquor medium* 


ACIXATTONt 

1 mocuLUiit 

FlNAl. pH§ 

lfTT> PER ML X 10* AX DAYS UTOICAIZD 

1 

2 

3 

None 

per cfitl 

10 

6.5 

1 

10 

10 

None 

5 

6.7 

1 

10 

5 

None 

2 

6.2 

1 

10 

10 

None 

1 

5.9 

— 

— 

10 

None 

0.5 

6.0 

— 

— 

10 

None 

0.1 

5.9 

— 

— 

5 

4-6 times 

10 

6.5 

<1 

<1 

<1 

4-6 times 

1 

6.7 

. — 

— 

<1 

4-6 times 

0.1 

5.9 



— 

10 


i 







* Powdered milk 2 per cent, alkaline, heat-treated, filtered corn steep liquor 0.4 per cent, 
and glucose (cerelose) 0.5 per cent, mixed with tap water and adjusted to pH 7 .4. Medium 
sterilized in the autoclave at 120 C for 15 minutes and then readjusted to pH 7.0 when 
necessary. 

t Manual shaking, as commonly used for mi.xing cultures with dilution blanks, was aP‘ 
plied during each working day but not at night. 

t Sixth serial transfer in the foregoing medium was used after 24 hours of incubation. 

§ Determined with glass electrode apparatus after 3 days of incubation at 34 C. 

desirable for toxin production because they added inert material, and in one case 
at least, the final pH of the cultine was so altered that the toxin disappeared more 
rapidly than in the basal medium. 

Influence of Inoculum and Agitation on Toxin Production 

The fact having been established that the milk, glucose, com steep 
medium provided nearly optimum conditions for toxia production, a brief study 
was then made of the infiuence of agitation and of varying amounts of inoculu® 
upon the rapidity of formation and final yield of toxm. Different lots oi t e 
medium were inoculated with 10, 5, 2, 1, 0.5, and 0.1 per cent of a 24-hour culture 
representing the sixth serial transfer in the same medium. These were incuba 


1947] 


PRODUCTION OF BOTULINUM TOXIN 


223 


in a quiescent state at 34 C for 3 days. Duplicate cultures, which received 10, 

1, and 0.1 per cent inocula, respectively, were agitated four to six times during 
each worldng day by shaking in a manner similar to that used for mixing cul- 
tures in dilution blanks. At night no shaidng occurred. These were also incu- 
bated for 3 days at 34 C. Gross observations of the cultures indicated that those 
receiving 2 to 10 per cent inocula grew most rapidly, as judged by evolution of 
gas and proteolysis. These cultures were tested for toxicity at intervals of 1, 

2, and 3 days after inoculation, but the remaining cultures were tested only 
on the third day. The results are shown in table 7. 

Although the heavier inocula showed maximum toxin production in 2 days, 
they yielded no greater concentration of toxin at 3 days than the smaller inocula 
so long as the cultures were not disturbed during incubation. Even with 10 
per cent inoculum, daily agitation prevented the accumulation of large amounts 
of toxin but did not inhibit growth. Only in the case of the agitated culture 
which received 0.1 per cent inoculum did sufficient toxin accumulate to be 
detected at the dilutions employed for animal injection. This culture was slow 
to initiate growth, and the period of rapid to^on accumulation apparently oc- 
curred during the night when the culture was not being disturbed. Thus 
agitation was not applied at the tune when it would do most harm. From these 
results it would appear that even mUd agitation, which permits entrance of air 
into the culture during the critical period of toxin accumulation, is harmful. On 
the other hand, the exact amount of inoculum is not critical in quiescent cultures, 
though some saving in time of incubation may be gained by using 2 per cent or 
more inoculum. 

» 

Biochemical Changes Associated vfith Toxin Production 

Experience with the milk, glucose, com steep liquor medium showed that 
subtle differences between batches of medium altered the rapidity of appearance, 
final yield, and stability of the toxin produced in the culture. Minor variations 
in the purity of the ingredients, method of preparation, quality of inoculum, and 
degree of anaerobiosis may have accounted for some of these unpredictable dif- 
ferences. Whatever the causes, a study of the biochemical changes accompany- 
ing toxin production in the culture seemed necessary in order to develop a 
method for predicting the time of maximum toxin accumulation. Direct 
measurement of toxicity in mice, requiring 2 or more days, was too slow for 
routine testing of cultures because marked deterioration of the toxin often oc- 
curred before the tests were completed. 

In two series of experiments, the relationships of pH, nonprotein nitrogen, and 
reducing substances to toxicity were studied to learn how these factors varied in 
different media and whether biochemical tests could be used to follow toxin 
development. 

Influence of corn steep liquor. The first series consisted of four lots of medium 
composed of 2 per cent powdered milk plus 0.3 per cent glucose, to three of which 
were added 0.8, 0.4, and 0.2 per cent com steep liquor, respectively. The 
inoculum for each lot was 5 per cent by volume of a 24'hour culture grown in the 
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foregoing medium containing 0.2 per cent com steep liquor. From each lot ol 
medium, aliquots were removed for testing before incubation and after 12, 24, 
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Fig. 1. Ci^NGEs in pH, Nonprotein Nitrogen (NPN), Reducing Substances (as Gtt 
cose), and Toxicity of Clostridium botulinum Cultures in Milk, Glucose 
Medium Containing Various Concentrations of Corn Steep Liquor 

33, 45, 72, and 96 hours of incubation at 34 C. The values obtained for to.tiu. 
reducing substances, nonprotein nitrogen, and hydrogen ion concentration are 
presented in figure 1. 
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In the absence of com steep liquor (figure lA) no increase in toxin occurred 
during the enthe 96 hours of incubation. The concentration of reducing sub- 
stances showed only slight variation from the initial value. There was a ten- 
dency for the concentration to drop slowly and then to rise again to 
approximately the original level. The nonprotein nitrogen increased sharply 
from none to about 5 mg per 10 ml during the first 24 hours and then more slowly 
to give a final concentration of nearly 9 mg per 10 ml. The hydrogen ion con- 
centration showed a rapid drop during the first 24 hours and thereafter leveled 
off at about pH 6.9, where it remained for the entire incubation period. 

In the presence of com steep liquor (figure IB, C, and D) the behavior of the 
cultures was strikingly different. Between 12 and 24 hours a rapid rise in the 
toxin concentration occurred regardless of the amount of com steep liquor in the 
various lots of medium. The maximiun level was reached between 24 and 45 
hours and thereafter declined gradually. The reducing substances declined 
rapidly from an initial level of 9 to 10 mg per ml to levels of approximately 5 to 
6 mg per ml at about the interval when maximum toxin production occurred. 
The coiTelation of these two points was so marked that it would appear possible 
to determine the optimum time of harvesting toxic cultures by simply following 
at frequent intervals the concentration of reducing substances. After the low 
level of reducing substances was reached, a slight but consistent rise occurred 
during the later phase of incubation. The nonprotein nitrogen increased rapidly 
during the first 24 to 36 hours to different levels depending upon the amount of 
com steep liquor present in the medium. Thereafter they, rose more slowly. 
Hydrogen ion concentration increased sharply as demonstrated by the rapid drop 
from pH 7 to 5.6 to 5.8, which occurred during the first 24 homs. Thereafter the 
reaction gradually reverted toward the alkaline side, so that the final pH of all 
three cultures containing com steep liquor was 6.7 to 6.9. The decline in toxin 
seemed to correspond roughly to this increase in alkalinity. 

Influence of glucose. The second series of tests was conducted in a medium 
composed of 2 per cent powdered milk and 0.2 per cent com steep liquor. To one 
portion of the medium no glucose was added, whereas the remaining three 
portions received 1.0, 0.6, and 0.3 per cent glucose, respectively. Each lot of 
medium received a 5 per cent inoculum as described for the preceding series. 
Aliquots were removed from all cultures at 6-hoiu- intervals during the first 48 
hours of incubation at 34 C, and at 12-hour intervals thereafter until 96 hours had 
passed. The same tests employed for the first series of trials, described above, 
were again performed on samples from the second series. The results are shown 
in figure 2. 

In the absence of added glucose (figure 2A) a rapid but relatively slight rise in 
the toxin level occurred during the first 24 hours, which quickly dropped so that 
by 36 hours no more toxin remained than was initially added with the inoculum. 
Reducing substances first showed a slight and slow decrease, followed by a 
gradual rise to a level somewhat higher than the initial value of 4.1 mg per ml. 
Nonprotein nitrogen increased rapidly during the first 24 hours to about 9 mg 
per 10 ml and then leveled off at about 10 mg per 10 ml. The initial pH of the 
culture was 7.2 and the final pH was approximately the same. During the first 




Fig. 2. Changes in pH, Nonprotein Nitrogen (NPN), Reducing Substances (AsGtC- 

COSE), AND ToMCITY OF ClOSTRIDIUII BOTULINUM CULTURES IN MiLK, COIU* 
bTEEP IjIQUOR AIEDIUM CONTAINING VARIOUS CONCENTRATIONS OP GLUCOSB 

As the concentration of glucose in the medium was increased (figure 
and D) the rapidity of the toxin accumulation became slower, but in all ia- 
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stances reached a maximum level of 500,000 to 1,000,000 MLD per ml. "Whereas 
the cultures containing 0.3 to 0.6 per cent glucose reached their maxima in ap- 
proximately 30 hours, the culture containing 1 per cent glucose required nearly 
60 hours. As in the preceding series of experiments, 'the reducing substances 
decreased rather sharply during the early phases of incubation from initial 
levels, which varied with the amount of added glucose, to low levels of 5.0 to 
6.2 mg per ml at the time when maximum toxin production was reached. Here 
again the correlation between the minimum level of reducing substances and the 
maximum accumulation of toan was so striking as to indicate the value of this 
chemical test for determining the optimum time for harvesting the toxin. The 
cause of the slow rise which characteristically occurred following the minimum 
level of reducing substances is imknown but presumably was related to the ac- 
cumulation of protein degradation products, which possessed reducing char- 
acteristics. Nonprotein nitrogen increased rapidly from an initial level of 5 mg 
per 10 ml to approximately 13 mg per 10 ml during the first 24 to 36 hours of 
incubation and thereafter tended to level off. Although the most rapid increase 
in nonprotein nitrogen corresponded to the period of most marked to.xin pro- 
duction, there was not the close correlation of critical values that has been noted 
in the case of reducing substances. In the presence of the various amounts of 
glucose a rapid drop in pH from approximately 7.0 to a minimum level of 5.7 
to 5.9 occurred during the first 18 to 24 hours of incubation. In the presence of 
0.3 per cent glucose a rather marked reversion to pH 6.7 occurred, but in the 
presence of 0.6 per cent glucose the final pH was approximately 6.4, and with 1 
per cent glucose it rose only to about 6.0. Only in the first instance was there a 
marked decrease in tojon during the latter part of the incubation period, so that 
the stability of the toxin in the culture appeared to be closely related to the 
final pH. 

Considering all the data presented in figures 1 and 2, it seemed that the 
rapidity of production, maximum level, and stabihty of the toxin were affected 
by the composition of the medium and the pH changes which occurred dining 
incubation. The lack of com steep liquor prevented full utilization of glucose, 
as indicated by the failure of reducing substances to decrease at the same rate 
or to the same extent as was observed in the presence of com steep liquor. 
Likewise, the absence of glucose inhibited, to some extent, the utilization of 
proteinaceous materials, as indicated by the less extensive production of non- 
protein nitrogen in this culture as compared to those with added glucose. In 
both cases toxin production was interfered with, yet growth occurred. "When 
the medium contained all the ingredients in the proportions required for the 
production of large amounts of torin, the characteristic changes in level of 
reducing substances were useful for determining when maximum concentration 
of toxin appeared in the culture. Although the nonprotein nitrogen was subject 
to characteristic alterations in level, it was not closely correlated with toxin 
production and was, therefore, of less value for following the progress of the 
culture. 

It must be reahzed that the presence of contaminating organisms or the use of 
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media not suitable to toxin production so alter the culture that the changes in 
pH and reducing substance no longer bear the same relationship to toxin pro- 
duction. Nevertheless, in pure cultures of Clostridium botulinum a considerable 
measure of control can be exercised to ensure recovery of maximum toxin by the 
deter min ation of pH and reducing substances throughout the gro-wth cycle. 


HECOM M ENDED MEDIA 

Many variations of the casein (or powdered milk), glucose, com steep liquor 
medium have been used successfully for production of the toxin of C. botulinum 
type A. The following two formulae are suggested because they are easily 
prepared and effective for routine use : 

Formula I (to make one liter) 

Solution A. Suspend 20 g powdered milk in 180 ml of water. Add 
n/1 NaOH slowly as required to disperse the milk, until a stable suspension 
has been obtained by shaking or stirring. If necessary add water to make 
200 ml. 

Solution B. Add 6 g commercial glucose (cerelose) to a volume of clar- 
ified com steep liquor equivalent to 4 g total solids and dilute to 800 ml 
with water. 

Thoroughly mix solutions A and B, adjust to pH 7.4 to 7.6, dispense 
into culture bottles, and sterilize in the autoclave for 15 to 20 minutes at 
120 C. After sterilization the reaction of the medium should be pH 6.8 
to 7.2. 


Formula II (to make one liter) 


Solution A. Add 3 g casein (technical grade) to 50 ml water previously 
alkalized with 0.5 g NaOH per liter. Adjust to pH 10.5 to 11.5 with 10 N 
NaOH. Mix thoroughly with a mechanical stirrer for about 30 minutes. 
Readjust pH if necessary and stir again imtil a stable suspension is obtained. 

Solution B. Add 5 g commercial glucose (cerelose) to a volume of com 
steep liquor equivalent to 5 g total solids and dilute to 800 ml Mth water. 

Poiu solution A into solution B and rinse the container with 100 ml of 
water to remove remaining casein. Adjust the mixture to pH 7.2 to 7.4, 
bring the total volume to 1,000 ml with water, dispense into culture bottles, 
and sterilize in the auotclave for 15 to 20 minutes at 120 C. After steriliza- 
tion the reaction of the medium should be pH 6.8 to 7.2. 


For best results the media should be freshly prepared, inoculated with 2 to o 
per cent by volume of an actively grooving culture of C. botulinum, type A, ^ 
incubated at 34 C. If aeration of the culture is avoided by minimizing ogitat^ 
and using culture vessels with a low exposed surface area per unit volume, 500, OW 
to 1,000,000 AILD of toxin per ml can be obtained regularly in 48 hours or les^- 
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SUMMARY 

Practical liquid media, composed of readily available and relatively inexpensive 
ingredients, have been developed for the production of highly toxic cultures of the 
“Hall” strain of Clostridium botulinum (type A). 

The peptones usually employed in culture media can be replaced by 0.25 to 
0.5 per cent casein (technical grade) or 2 per cent powdered skim milk. 

Clarified com steep liquor (0.2 to 0.4 per cent total solids) is a more adequate 
supplement than j^ast extract for toxin production in casein or milk media, as 
demonstrated by relative viabilities and toxicities after 4 to 6 serial transfers in 
media containing these materials. 

The presence of available carbohydrate in the form of 0.2 to 0.6 per cent 
commercial glucose (cerelose) markedly increases the total yield of toxin and 
enhances its stability in the culture medium by retarding reversion of pH toward 
the alkaline side. 

The milk, com steep liquor, glucose medium yields 500,000 to 1,000,000 MLD 
of toxin per ml of culture when inoculated Avith 2 per cent of an actively gro^vmg 
culture of C. botulinum (type A, Hall strain) and incubated in a quiescent state 
at 34 C for 24 to 48 hours. Small inocula or mild agitation tend to retard toxin 
production, and the latter may greatly inhibit its accumulation. 

Characteristic changes in pH, concentration of reducing substances, and levels 
of nonprotein nitrogen occur during incubation of the culture. The relationships 
of pH and reducing substances to rapidity of accumulation and stability of toxin 
provide valuable control measures for securing the maximum yield of active 
toxin. 
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One of the important factors bearing on the increased commercial production 
of penicillin has been the successful selection of strains of the Penicillium notaium- 
chrysogenum group that have superior penicillin-producing ability (Raper and 
Alexander, 1945; Gailey ei al., 1946). Of almost equal importance is the main- 
tenance of these strains in a state of maximal penicillin production. A number 
of workers, Foster et al. (1943), Waksman and Reilly (1944), and Raper and 
Alexander (1945), have observed and reported the tendency of P. notatum to 
yield decreasing amounts of penicillin upon serial subculture. We have fmmd 
one strain of this fungus to lose its penicillin productivity ■with such regularity 
that study of the phenomenon seemed warranted. With no name for this 
phenomenon in common use we have chosen to call it “penicillin run-domi.” 

Methods for minimizing the “run-down” of penicUlin-producing cultures 
have been published (Raper and Alexander, 1945; Foster et al., 1943), but 
quantitative data have not been presented on the rate and extent of penicillin 
mn-do'wn and on conditions influencing its occurrence. It is the purpose of 
this paper to describe experiments pertaining to penicillin run-down in P. 
notatum, NRRL 1249 .B21' and to describe our efforts to increase the penicillin 
yield of this strain by a program of selection and testing. 

METHODS 

Testing procedure. All isolates were tested for penicillin production in surface 
culture. Wide-mouthed, rectangular glass bottles* of about 2-liter capacity, 
90 by 125 mm in cross section and 250 mm high, were filled ■with 300 ml of a 
medium of the following composition: NaNOs, 3.0 g; MgS 04 , 0.014 g; KH2PO4, 
0.50 g; ZnS 04 - 7 H 20 , 0.0356 g; lactose monohydrate, 40.0 g; corn steep liquor, 
80.0 ml; tap water to 1,000 ml; and an initial pH of 4.0 to 4.3. 

This medium was recommended to us by Dr. A. J. Moyer of the Northern 
Regional Research Laboratory in Peoria and differs only slightly from the 
“Improved medium” of Moyer and Coghill (1946a). Following steam steriliza- 
tion, cooling, and seeding by one of the techniques described below, the bottles 
were stacked on their sides in an incubator at 24 C for the entire fermentation 
cycle. 

* This culture was obtained from Dr. Keimeth B. Raper of the Northern Regional Re- 
search Laboratory, Peoria, Illinois. 

• This bottle was fabricated by the Owens-Rlinois Glass Company especially for use in 
the penicillin industry. 
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Growth, first appeared in about 1.5 to 2 days, and pads of mycelium were 
usually completely formed on the third day. Daily samples were taken asep- 
tically from beneath this mycehal pad, usually starting on the fifth or sixth 
day of the cycle and continuing until the peak had been detected, usually the 
ninth to eleventh day. Samples from six replicate bottles were pooled to give 
a measure of the daily performance of each isolate. The pH of each sample 
was measured with a glass electrode. Penicilhn content was assayed by a 
hollow-cup agar plate method, adapted to the assay of penicillin by Dr. J. F. 
Norton of these laboratories. Each assay was based on the average of four 
inhibition zones, converted to Oxford units per ml by comparison xvith the 
daily standard curve. 

Selection of isolates. Single germinated spores or separate colonies of P. 
notatum were obtained by streaking a dilute suspension of conidia on a petii 
plate of Czapek’s solution agar (Thom and Raper, 1945). The streaked plater 
were incubated at a temperature of 24 C for 24 hours or for 7 days. In a few 
of our experiments, after 24 hours of incubation the streaked plate was placed 
under a dissecting microscope. Single genninated conidia were cut from the 
agar and transferred to plates of Czapek’s solution agar for further growth. 
In the majority of our experiments, however, the conidia on the streaked plates 
were allowed to develop into week-old colonies. Each colony was assumed 
to have been derived from a single conidium. 

In selecting single- colonies for further study, a conscious effort was made to 
pick colonies which varied from one another in their macroscopic appearance 
and thus to include in our experiments as large a variety of colony types as 
could be obtained. A mass of conidia was transferred from each colony to 
duphcate slants of Czapek’s solution agar. One of the agar slants was retain&l 
as a stock culture, and the other was used in obtaining a suspension of conidia 
for the inoculation of bran cultures. 

Preparation of seed. Bran cultures were prepared by wetting 10 g of wheat 
bran in a 500-ml Erlenmeyer flask with an equal weight of sporulation solutioa 
containing 0.1 per cent asparagine and 3 per cent glycerol in tap water. Sterih- 
zation was effected by steam at 120 C for 30 minutes. The bran was inocu- 
lated with 1 ml of a conidial suspension and thoroughly shaken once a day 
until sporulation was completed. The conidia were washed off the bran with 
sterile water and used for the inoculation of our penicillin fermentation bottlea 

Methods of seeding. “Hand-shaken seed” was prepared by selecting hoo 
a previous lot a fermentation bottle the pad of which showed no signs of coj 
tamination, adding 6 ml of sterile cottonseed oil as a flotation agent, and ban • 
shaking the entire bottle vmtil the pad was well broken up and the conidia were 
loosened. Approximately 8 ml of this heavy spore suspension were used to 
seed each fermentation bottle of the subsequent lot. This corresponds e 
the type of mass spore transfers which is thought to produce heterokar)'®^' 
vigor in some fungi (Baker, 1944a, 1944b). 

“Blended seed” was prepared by transferring aseptically all of the conterr- 
of a fermentation bottle or shaker flask to a sterile blender jar with sper^ 
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splash plate, described by Savage and Vander Brook (1946). Blending for 
2 minutes at 10,000 rpm produces sufficient fragmentation for easy pipetting 
of the slurry. Blending for longer time intervals did not significantly increase 
the number of myceUal fragments. One ml of blended seed per bottle was a 
very adequate seeding rate when spores were present. When spores were 
almost or completely absent, the volume of blended seed had to be increased 
to 10 ml per bottle for adequate seeding. Nonsporulating mycelium for blending 
was produced in submerged culture by growing it serially in 500-ml Erlenmeyer 
flasks containing 100 ml each of a com steep, lactose medium^ of the following 
formula; lactose, 25.0 g; corn steep hquor, 80.0 ml; CaCOs, 2.0 g; and ZnSO^- 



Fig. 1. The Run-down upon Serial Subculture of a Sporulatinq Seed 
OP Penicilliuii NOTATUM NRRL 1249 .B21 

' VHjO, 0.044 g. Continuous agitation was provided by a shaking machine of 
the oscillating type with 95 complete 4-inch strokes per minute. 

EXPERIMENTAL RESULTS 

For some time we repeatedly observed that serial seeding with hand-shaken 
sporulating surface growth would result in a steady decline in the penicillin 
productivity of the strain from approximately 140 units to appro.ximately 50 
units per ml at the end of 5 to 7 serial generations. A typical set of performance 

’ This formula is very similar to and no doubt derived from one of the corn steep, lactose 
formulas of Moyer and Coghill (19466). We obtained it from the Lilly Research Labora- 
tories, Indianapolis. 
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curves for this mass transfer type of seeding with sporulating surface seed is 
shovm in figure 1. Branching of the curves indicates an increase in the nurabei 
of repficate fines being followed to give more data. Additional evidenced 
run-down may be seen in the quadruplicate or more controls of sporulating, 
hand-shaken, surface seed which were run as controls in figures 2, 3, and 1. 
On all of these first four figures the potency value plotted is the maximal beer 
potency reached by the particular fine of seed of the designated generation. 
All factors known to influence potency, other than seed characteristics, were 
kept constant. The fermentation curves with hand-shaken seed were not 
followed after run-down had been established, since previous experience had 



NO. OF SERIAL SUBCULTURES 

Fia. 2. A Comparison of the Run-down op Blended 
AND Hand-shaken Sporulating Seeds 


shown repeatedly that no improvement would occur. Mycelial pads 
become much heavder, tougher, and more rigid. Sporulation was much 
and heavier. The beer was clear and free of mycelial fragments. The:- 
characteristics of “nm-down” seed showed no tendency to be reversible. 

In hand-shaken seed the predominant seed unit is the spore, with spoa- 
outnumbering mycelial fragments by at least one thousand to one. Blen 
the pad of mycelium and spores for 2 minutes increased the number of mya® 
fragments enormously without changing the number of spores present, t 
fore, a much greater percentage of the mycelium in the next generation ^ 
derived from a mycelial fragment than would have been the case Mth ^ 
shaken seed. A comparison of rates of run-do^vn when these two typo= 
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eeding were used is shown in figure 2. Decreasing the percentage of spores 
a the seed caused the run-down to be delayed, although it did not prevent it. 
i.t the fifth generation, when 5 of 6 lines of hand-shaken, sporulating seed had 
ilready dropped to between 32 and 43 Oxford units per ml, all four of the blended 
leed lines were still producing 125 imits per ml or more. 

In the next experiment we tried to produce a seed completely free of spores 
jy blending the pads as soon as a heavy mycelial pad was formed, bijt before 
;he appearance of any colored spores could be detected. The usual set of four 
jontrol lines was serially seeded with sporulating, hand-shaken seed to demon- 
strate run-down with the same starting seed. A comparison of the rates of 



Fig. 3. A Coupabison of the Run-down op Blended, Lightly Sporulating Seed 
WITH Hand-shaken Spobulating Seed 

run-down when these two t3T3e3 of seed were serially transferred is shown in 
figure 3. 

Although we tried to produce a spore-free seed, in practice we found this 
was almost impossible to accomplish with this technique. On the second day, 
e.g., the mycelial pad might be too imderdeveloped for blending. By the mom- 
ing of the third day, the pad might be sufliciently heavy, but sporulation could 
already be seen. Eor this reason it is imperative that this seed be called “lightly 
sporulating” seed instead of nonsporulating seed. With it, run-down was 
still further delayed. As shown in figure 3, three out of four lines of the blended, 
lightly sporulating seed had run-down after 17 serial transfer generations. 



236 


ALMA J. WHIFFBN AND GEORGE M. SAVAGE 


and after 20 generations all four lines had dropped to 50 units or less. .11 
four lines of hand-shaken, sporulating seed were run-down after 6 generations. 

Our second attempt to produce a nonsporulating seed for serial seedin’ 
consisted of growing the fungus in submerged culture serially, but doing a! 
testing of this seed in surface culture. A surface growth would form in tb 
shaker flasks along the wall above the liquid line, but this was shaken domi 
into the liquid medium once each day to prevent any sporulation of surfaci 
mycelium. A comparison of four performance curves of this spore-free s&d 
with the usual four control lines of sporulating, hand-shaken seed is showi 
in flgure 4. 


— ■ Hand Shaken, Sporulating (Series 4) 

— Blended Submerged Growth, Ncn-Sporulotlng 


1 1 1 A 


w 


Ml/ 




'm 


HO. OF SERIAL SUBCULTURES 

Fig. 4. A Comparison op the Run-down op Blended, Nonspobulatinq 
Seed with Hand-shaken, Sporulating Seed 

At the 25th generation, a change in lot of corn steep caused all lines to dro? 
together at the point indicated on figure 4 by the letter “A.” From- “A” 
“B” (35th generation), this inferior lot caused all yields to be low. 
the cause of this sudden drop was detected and a new lot of corn steep was us 
all lines returned to their previous high potency levels. The experiment 
finally terminated after all four lines remained at their original perforroa”^ 
levels for 50 successive transfer generations. At this time the surface P^' 
produced from this seed had all the gross characteristics of the original stj"' 
Mycelium from the 50th transfer generation was blended and plated out 
three dilutions of each of the four lines. Inspection of over 20 such pa^ 
containing a total of more than 200 colonies revealed no morphological cbaCj 
from the parent seed. ., 

Parallel with our studies of run-down, we have attempted to make use o 
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natural variation of P. notaium with, the hope of obtaining higher-yielding 
strains through a course of continuous selection of the highest-yielding clone 
(h.y.c.) from among a number of isolations. Our experience udth this technique 
is summarized in figure 5, in which ail of the h.y.c.'s are arranged in a line. 
Each h.y.c. in turn is plated out for the selection of the next h.y.c. Continuous 
selection appears to maintain the strain at its original level. Although several 
isolates gave definitely lower penicillin levels and in gross appearance seemed 
to have mutated, no strain was encountered with a definitely superior ability 
to produce penicillin. 


Ay,» 134 u./mL ISSu.AuL 152u./ml. l2Iu./tnL SSuVniL I3luyml. l4SuymL I39u./ml. 



Pig. 5. The Continuous Selection of Highest Penicillln-yielding 
Clones of Penicillium NOTATtm 

Numbers in circles refer to peak yield in Oxford units per ml. Each h.y.c. becomes the 
parent strain for selection of the subsequent h.y.c. 

Our experience with the phenomenon of run-down led us to attempt a reversal 
of the phenomenon by means of the h.y.c. selection technique. At the end 
of a run-down series, we plated out the last sublot as a test of strain homogeneity. 
The result of several such sublot purifications is shown by a histogram in figure 6. 
Each sublot was found to contain a variety of strains which differed in color 
of conidial mass, texture of mycelial pad, and rate of sporulation. Some strains 
were recovered which appeared to be almost identical with the parent strain 
in both appearance and penicillin yield. Other strains differed in many respects 
from the parent strain. These new different strains were apparently both 
homogeneous and rather stable, for when we attempted to recover higher- 
yielding clones from them by the technique of h.y.c. selection, we failed to 
build up the penicillin yield of any daughter strain. This series is called the 
Build-Up highest-yielding clone series (BU h.y.c.) and the results are shown in 
figure 7. 
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In order to increase the extent of variation by allowing a longer period of 
growth between isolations, we passed BU h.y.c. 3 serially through 5 successive 
transfer generations on the surface fermentation medium, along four separate 
lines. The end sublots were plated out and 100 clones were obtained by fishing 
single germinated spores and transferring each to the center of a plate of Czapek’s 
solution agar. Seventy of these plates were uncontaminated. These were 
plug-assayed by the method of Raper el al. (1944). The ten strains giving the 
largest zones of inhibition were tested on fermentation medium and their peak 
yields recorded for the selection of BU h.y.c. 4, as shown in figure 7. None of 
these isolations was superior to the strain from which it originated. 

DISCUSSION 

Instead of finding that mass spore transfers maintain good production of 
penicillin by a high-yielding strain of Penicilliurn notatum, we have found that 
the fungus undergoes rapid natural variation with the production of mutants 
which usually sporulate both more rapidly and more heavily than the parent 
type. Run-down probably occurs whenever a mutation which decreases the 
yield of penicillm occurs simultaneously with a mutation which increases the 
degree of sporulation. 

Suppression of sporulation suppresses run-down; and to the extent to which 
our experiments were carried, elimination of sporulation eliminated run-down. 
This suggests some sort of association between the process of sporulation and 
the occurrence of run-down. Whether mutants of the type observed to appear 
during run-down are actually produced more readily at the sporulation stage, 
or whether in the absence of sporulation these mutants are prevented from 
outgrowing the parent type is dfficult to assess at this time. 

Quite regardless of any explanation for it, we have found that vegetative 
transfers are much better than spore transfers for preventing run-down of a 
strain. This is not in agreement with the conclusion of Foster et al. (1943) 
that “this degeneration can be eliminated by reducing vegetative transfers" 
and that serial transfers, when unavoidable, should be by means of spores. 

Although the data which have been presented were collected on run-down 
in fermentation medium, all of our observations during the course of the work 
indicated that run-down occurs very regularly on other media as well, such as 
Czapek's medium and bran medium. 

Low- 3 delding, heavily sporulating mutants, once they appear, rapidly outgrow 
the parent type. If serial subculture has not been continued too long, i.e., 
not more than 5 to 10 transfer “generations,” without purification, it may be 
possible to isolate the parent' type. The low-yielding mutants which appear 
are stable and show no tendency to reversion. 

The nonsporulating type of mutants producing cottony white secondary 
colonies upon the pad were repeatedly observed. At no time, however, were 
they observ^ed to overgrow the pad, even on subsequent serial transfer of the 
mixture of types. 
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SUMMARY 

A high-yielding strain of P. notatum when serially subcultured was found to 
undergo rapid natural mutation, if sporulation was allowed to occur. Mutants 
which sporulated heavily and produced low yields of penicillin rapidly outgrew 
the parent type. This led to a decrease in penicillin productivity which we 
have called “penicihin run-down.” When sporulation was prevented, this 
rim-do^vn did not occur at any time during 50 serial transfer generations. 

Continuous selection of highest-yielding clones from a high-yielding strain 
did not result in the isolation of superior strains. Low-yielding mutants derived 
from this high-yielding strain were much more stable than the parent. , Attempts 
to build up the penicillin yield of one of these low-yielding mutants by continuous 
selection were unsuccessful. 
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Numerous reports (Carpenter et al., 1944; Spink et al., 1945; Tainter, 1945) 
have been recorded in the literature describing increased resistance of bacteria to 
various chemotherapeutic substances, including antibiotics. Increased resist- 
ance of organisms to penicillin has been observed (Spink et al, 1945; Tainter, 
1945; Demerec, 1945). In the latter case, attempts have been made to control 
infections caused by resistant organisms either by increasing the dosage of peni- 
cillin or by substituting another antibiotic or drug (Spink et al., 1945; Wolnisky 
and Steenken, 1946). 

Methods for preventing the development of resistance or for increasing the 
susceptibility of resistant organisms may be developed if the cause for this 
phenomenon can be determined. One of several possible factors involved in such 
resistance is the production, by certain organisms, of penicillinase, an enzyme 
capable of destroying penicillin. A correlation between the production of peni- 
cillinase and resistance to penicillin has been recorded in some cases (Kirby, 
1944). In other resistant species, however, no penicillinase could be detected 
(Bondi and Dietz, 1944). Spink and Ferris (1945) found penicillinase in cultures 
made resistant to penicillin in vivo but none in those made resistant in vitro. 
These studies indicate that the production of penicillinase is not the sole factor 
in resistance, but it may well play an important role in certain instances. The 
possibility of enzyme inhibition by specific antibody (Sevag, 1945) was made use 
of by Perlstein and Liebmann (1945a), who produced antipenicillinase-immune 
serum and demonstrated that it protected penicillin from destruction by peni- 
cillinase (Perlstein and Liebmann, 19456). No such results were obtained using 
aormal serum. They postulated the formation of a penicillin, plasma protein 
3omplex which protects penicillin in vitro from destruction by penicillinase. 
Actually, such a theory is not necessary since the simple combination of antigen 
[penicillinase) and antibody (antipenicillinase) should prevent destruction of 
lenicillin. The question also arises why antipenicillinase serum proteins 
should have an affinity for penicillin different from that of normal serum. All 
mtibodies studied to date are globulins, and penicillin combines with normal al- 
bumin but not normal globulin (Chow and McKee, 1945). Even the albmnin- 
jenicillin complex proved to be active. 

EXPERIMENTAL 

Production and measurement of antipenicillinase. Rabbits were immunized to 
lialyzed penicillinase, assaying 1:1,024 (Housewright and Henry, 1947), by in- 

* With the technical assistance of A. S. Herring. 

an 
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travenous injection of 2 ml on alternate days for the first week and 3 ml on al- 
ternate days for the folloiving 5 weeks.- Ten days after the last injection blood 
was mthdraAvn from each animal by cardiac puncture and the antibody respome 
of the separated serum measured by precipitin tests and inhibition tests. In the 
precipitin test, sera were diluted twofold in series "with saline, and an equal vol- 
ume of penicillinase (1.0 ml, assay 1 : 1,024) was added. This mixture was incu- 
bated for 2 hours at 37 C and placed at 8 C overnight. Results were read the 
following morning. 

Precipitation occurred in serum dilutions through 1 :56 but not in higher dilu- 
tions. No precipitation was observed in the antigen or serum controls. It 
cannot be stated from these data that the precipitin test was specific since the 
antigen used was admittedly impure. 


TABLE 1 


Inhibition test in which the antipenicillinase was diluted 


ANTIPENiarLINASB DILUTION 
(A) 

PEKrOLLINASE ASSAYING 
(B) 

PENICILLINASE ASSAY 
COUBINING (a) and (b) 

POE 1 HOtJE AT 37 C* 

1:28 

1:64 

0 

1:56 

1:64 

0 

1:112 

1:64 

0 

1:224 

1:64 

1:8 

1:448 

1:64 

1:8 

1:896 

1:64 

1:16 

1:1,792 

1:64 

1:64 

1:2,584 

1:64 

1:64 

1:28 

0 

0 

0 

1:64 

1:64 


* These values have been corrected for the increase in volume resulting from a combiiu 


tion of equal volumes of (A) and (B). 


Inhibition tests were performed either by holding the penicillinase concentn 
tion constant and diluting the sera, or by keeping the concentration of sera con 
stant and diluting the penicillinase. Such mixtures were incubated for 1 
at 37 C and then assayed for penicillinase (Housewright and Henry, '' 
Undiluted normal and immune rabbit sera inhibited growth of the test organii® 
{Bacillus anthracis) used in the penicillinase assay. -All inhibition tests, tbcrt- 
fore, were performed using sera diluted at least 1 : 10, which was found to be be- 
yond the growth-inhibitory range of either serum. , 

The results of a typical inhibition test in which the antigen was kept 
and the serum diluted are shown in table 1. The enzymatic action of pemcub-^ 
ase (assay 1 : 64) w-as lost completely after contact for 1 hour at 37 C with 
serum dilutions as high as 1 ; 112. A partial loss was observed with serum 
tions of 1:224, 1:448, and 1:896. 

Typical results of an inhibition test in which the antigen was diluted an 

* Others were immunized by the aubcutaaeoua injection of 1.0 ml of penicillina^G a 
intervals for S weeks. 
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serum dilution was constant are shown in table 2. The activity of penicillinase 
assaying 1:64 was inhibited completely by a 1:28 dilution of antiserum, that of 
penicillinase assaying 1 : 128 was partially inhibited. No such results were ob- 
tained with normal rabbit serum in either inhibition test. There was no loss in 
enzyme activity when the enzyme, horse serum, rabbit antihorse serum, and 
saline were mixed and allowed to stand for 1 hour at 37 C. 

More direct evidence of the antigen antibody combination was obtained by use 
of the Mghly specific manometric assay for penicillinase (Henry and Housewright, 
1947). This assay depends on the formation of penicilloic acid from penicillin, 
the reaction being catalyzed by penicillinase, resulting in increased acidity of the 
penicillin molecule. The reaction is allowed to proceed in bicarbonate buffer 
equilibrated against CO 2 , and the change in acidity is reflected by the release of 


TABLE 2 

Inhibition test in which the enzyme was diluted 


ANTIPENIOLLINASE DlLTJtlON 
(A) 

i 

PENICn.T.TNASE ASSAYING I 

(B) j 

PEKlCtLUKASE ASSAY AEXEK 
COUBIKING (a) and (b) 

JOB 1 aouB AX 37 C* 

1:28 

1:4,096 

1:4,096 

1:28 ! 

1:2,048 

1:2,048 

1:28 

1:1,024 

1:1,024 

1:28 

1:512 

1:512 

1:28 

1:256 

1:256 

1:28 

1:128 

1:32 

1:28 

1:64 ! 

0 

1:28 

0 

0 

0 ! 

1:4,096 

1:4,096 


* These values have been corrected fox the increase in volume resulting from a combina- 
tion of equal volumes of (A) and (B). 


CO 2 which is measured manometrically. The effect of antipenicillinase on the 
above reaction is shown in figure 1. It is seen that penicillinase (assay 1:128) 
incubated at 37 C for 1 hour with antipenicillinase (1 : 10) lost about 90 per cent 
of its activity. Antipenicillinase began to combine with the enzyme almost 
immediately when it was introduced after allowing the penicillin-penicillinase 
reaction to proceed for 15 minutes. Controls indicated that there was no CO. 
retention by the concentration of serum used. 

Effect of antipenicillinase on the sensitivity of bacteria to penicillin. It has been 
demonstrated that, in certain instances (Spink et al., 1945), naturally resistant 
organisms and those made resistant in vivo produce penicillinase, whereas sensi- 
tive organisms and those made resistant in vitro do not produce penicillinase. 
Table 3 shows the penicillin sensitivity of a number of organisms’ in the presence 
of normal and antipenicillinase-immune sera. 

’ Staphylococcus aureus Long IIIA, made resistant in vivo, and the sensitive Long I strain 
were obtained from Dr. W. W. Spink, of the University of Minnesota. The Proteus strains 
were obtained from Dr. M. G. Sevag of the University of Pennsylvania and the Bacillus 
cereus strain B'569 from Dr. B.. D. Coghill of the Northern Regional Research Laboratories, 
Peoria, 111. 
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Tube dilution assays (Housewrigbt and Henry, 1947) revealed that only two 
of the organisms, Staphylococcus aureus Long IIIA and Bacillus cereus B-569, 
produced extracellular penicillinase assaying as high as 1:64 after 48 hours’ ia- 
cubation. It has been shown (table 1) that antipenicillinase diluted up to 1 : 112 



Fio. 1 . Manometric Measurement op Penicillinase Activitt in the 
Presence of Antipbnicillinase 

A. Peuicillmase assaying 1:128 ijlus normal rabbit serum (1:10). . .(,{ 

B. Penicillinase assaying 1:128; i mm une rabbit serum (1:10) tipped into mam sp3« 

the vessel at 15 minutes. „ 

C. Penicillinase assaying 1:128 and immune rabbit serum (1:10) incubated at 37 o 
1 hour prior to Warburg e.xperiment. 

inactivated penicillinase produced by B. cereus B-569 assaying 1:64. 
p enicillin ase produced by the injection of penicillinase elaborated by B. 
B-569 inactivated penicillinase produced by S. aureus Long IIIA. Thus 
cillinase from these two sources are immunologically similar. If penicillin rea^- 
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ance is due wholly or in part to the production of extracellular penicillinase, then 
the presence of antipenicillinase in dilutions of 1:112 or less should increase the 
penicUlin sensitivity of »S. aureus Long IIIA and B. cereus B-569. 

In order to investigate this point, the penicillin sensitivity of four sensitive and 
four resistant organisms in the presence of 1:14 normal and immune sera was 
determined. All tests were done in phenol red glucose broth (Difco) and in 
nutrient broth %vith commercial penicillin sodium (Pfizer, lot 585 C). Although 
it has been reported (Grollman, 1925; Kimmig and Wesehnann, 1941; Robinson 
and Hogden, 1941) that phenol red combines with plasma proteins, no difference 
was observed in the results with the two media. As shown in table 3, the sensi- 
tivity to penicillin was increased by the presence of antipenicillinase only in those 
organisms producing extracellular penicillinase. These organisms, however. 


TABLE 3 

The effect of antipenicillinase on the sensiCivitt; of bacteria to penicillin 


OaCAKtSUS TUSICO 


H| 

KcixACxiiTHJia 
FEUIOLLTSASS . 

IKTSACSmilAK 

P£NiClLLZNASS 

PerdoilUa-resistant 





5. aureus. Long IIIA I 

30 

15 


4“ 

E. typhosa 

60 

60 

— 

4" 

Proteus vulgaris 

25 

25 

— 

+* 

B. cereus, B-569 

100 

50 

+ 

+ 

Penicillin-susceptible 





S. aureus. Long I 

0.15 

0.15 

- 

-t 

S. aureus, 612 

0.08 

0.08 ’ 

— 

? 

Proteus vulgaris 

0,50 

0.50 

— 

+• 

B. anthracis, 99 

0.04 

0.04 j 

— 

? 


* Reported by Bondi and Dietz, 
t Reported by Spink and Ferris. 


did not acquire a sensitivity sufficient to class them as penicillin-sensitive or- 
ganisms. 


DISCUSSION 

It appears that little would be gained by the clinical use of antipenicillinase in 
infections by penicUlin-resistant organisms. Mixed infections may constitute an 
exception. A case of cutaneous anthrax that recently came to the attention of 
the authors demonstrated this possibility. The patient received a course of 
penicillin, which eliminated the bacteremia. Bacillus anihracts persisted, how- 
ever, in the cutaneous lesion, contrary to the usual response to penicillm therapy 
(Ellingson et al., 1946). Bacteriological examination revealed a mixed infection 
of S. aureus and B. anthracis. It was found that the anthrax organisms possessed 
the usual sensitivity to penicillin (0.02 to 0.04 u per ml), whereas the S. aureus 
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was resistant (2.5 u per ml) and produced considerable quantities of extracellular 
penicillinase. Thus B. anthracis was protected from penicillin by the penicillin- 
ase produced by S. aureus. In such a case it is quite possible that B. anthrach 
could be eliminated by local packs of penicillin plus antipeniciUinase. It may 
be worth while to evaluate the clinical use of antipenicillinase in such instances, 

As mentioned in the introduction, one of the mechanisms of protection of an 
organism from penicillin is the production of penicillinase. It has been shown 
that this enzyme is produced intracellularly and is also found in certain instances 
extracellularly. The observation has been made in this work that antipenicil- 
Unase increases the penicillin sensitivity only of those organisms producing extra- 
cellular penicillinase. Since contact, or at least close proximity, must be estab- 
lished in order that an enzyme may act on a substrate, it is reasonable to postulate 
that the failure of antipenicillinase to increase the sensitivity of these organisms, 
in which only intracellular penicillinase is found, is due to the inability of anti- 
penicillinase to pass the cell membrane. This inability of the antibody to pass 
the cell membrane could be explained by its molecular size alone. This hypothe- 
sis assumes that the site of action of penicillin is inside the cell, although actually 
no direct evidence as to the site of penicillin action is available. In view of these 
considerations, it is doubtful that an antiserum of higher titer would give dif- 
ferent results. If the validity of this hypothesis is assumed, the question is still 
open as to how much penicillin resistance can be accounted for by inl;racellular 
penicillinase when present. Certainly other mechanisms must be considered, 
since neither extracellular nor intracellular penicillinase has been demonstrated 
in certain penicillin-resistant organisms (Bondi and Dietz, 1944). 

STJMMAEY 

Antipenicillinase-immune serum was obtained by the injection of rabbits with 
penicillinase. 

The combination of penicillinase and antipenicillinase and the consequent loss 
of activity of the former was demonstrated by inhibition tests and by the highly 
specific manometric method of assaying penicillinase. 

The sensitivity of a number of organisms to penicillin was determined in the 
presence of normal serum and antipeniciUinase-immune rabbit serum. Sensi- 
tivity to peniciUin was increased only in those organisms which produced extra- 
cellular penicillinase. 

It appears that antipenicillinase-immime serum would be of limited value as a 
chemotherapeutic adjunct, except possibly in the case of certain mixed infections- 
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THE PRODUCTION OF APPARENT CYCLES IN 
BACTERIAL VARIATION^ 

WERNER BRAUN 
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In the discussion of a recent report on dissociation in Brucella abortus (Braua: 
J. Bact., 62, 243) some results were mentioned which illustrate how competition 
between spontaneously arising mutants tvith different selective values can pro- 



Fig. 1. Eumb^ ofTotal AND Viable Cells IN Broth Cultures 
OF S, R, AND Br Types of Brucella abortus on 
Various Days After Starting Cultures 


duce the appearance of successive, orderly changes. In view of the impod^^^ 
^\hich has been attached to apparently cyclic changes in certain interpretado^^ 
of bacterial dissociation, it appears desirable to place the actual data on record- 
S, R, and Br (mucoid) types were isolated simultaneously from a 
broth culture that originally had been inoculated with members of one S do— 

‘ This work has been supported by the Bureau of Animal Industry, U.S. DepartBcatd 
Agriculture, under co-operative agreement with the Regents of the University of Cahfor 
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Each type was subsequently inoculated into individual broth cultures, and the 
numbers of viable and total cells were determined on various days after starting 
the cultures. The results, representing averages of 4 cultures for each type, are 
shown in the accompanying figure. It can be seen that S has the fastest growth 
rate but a low viability (i.e., ratio of total number of cells to viable number of 
cells per ml of broth) ; R has a far slower growth rate but rather high viability; 
and Br has the slowest growth rate but the highest viability. From these data it 
could be easily calculated that, when these types are competing within one pop- 
ulation, the higher viability of the R types will suffice to permit their establish- 
ment at the cost of S types among the limited viable population. The Br types, 
with their even higher viability, will establish themselves eventually at the cost 
of both S and R types, but because of their slower growth rate it would take some 
time before Br types could become predominant. Thus, merely by the spon- 
taneous appearance of mutant types differing in growth rates and viability, 
an apparently successive population change from S — > R — ^ Br can be produced 
if the cultures are maintained under conditions which allow continued reproduc- 
tion. 


THE INFLUENCE OF PRETREATING BACTERIA WITH ANIONIC 
AGENTS ON THE ANTIBACTERIAL ACTION OF CATIONIC 

GERMICIDES 

ADEIEN S. DuBOlS* and DIANA D. DIBBLEE 
Onyx Oil and Chemical Co., Jersey City, N. J . 

Received for publication November 13, 1946 

Baker et al. (J. Exptl. Med., 74, 621) have demonstrated that phospholipids 
prevent the inhibitory action of cationic germicides on bacterial metabolism when 
they are added to the bacterial suspension, either before or simultaneously with 
the surface-active cation. The effect persists even after the bacteria exposed 
to the phospholipids have been thoroughly washed. Valko and DuBois (J. 
Bact., 47, 15) have shown that sodium dodecyl Sulfate (“duponol PC”) could, 
under certain conditions, reverse the antibacterial action of surface-active cat- 
ions. Several other authors have likewise demonstrated the antagonistic in- 
fluence of soap on these compounds. 

We have investigated the action of alkyl dimethyl benzyl ammonium chlorides 
(ADBAC) on Staphylococcus aureus which had previously been treated with a 
soap or anionic detergent. The procedure was as follows: 0.5 ml of a 24-hour 
culture of <3. aureus was treated with 5 mi of a 1 : 3,000 solution of sodium oleate 
for 10 minutes. The suspension was centrifuged, the supernatant fluid was 
decanted, and the bacteria were resuspended in 5.0 ml sterile water. Five- 
tenths ml of a 1 : 300 solution of ADBAC were then added (1 : 3,000 final dilution), 

^ Present address : Fuld Bros., Baltimore 31, Maryland. 
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and subcultures made after 5, 10, and 15 minutes. Growth was observed in the 
subcultures made after 5 and sometimes 10 minutes, but never after 15 minutes. 
A 1 : 3,000 concentration of ADBAC, under the same conditions of test, shows no 
growth in subcultures after only 1 minute. Therefore, it was apparent that the 
adsorbed soap had somewhat retarded the action of the cation. 

Further results were obtained by a modified procedure which involved taking 
a 1-ml sample, diluting it mth 9 or 99 ml water, transferring 1 ml of the solution 
to 10 ml of tryptone glucose extract agar, and incubating. In this case, both 
sodium oleate and sodium dodecyl sulfate were used. The results, again, demon- 
strated that sodium oleate retarded the action of ADBAC for up to more than 10 
minutes. However, all the organisms were Idlled after 15 minutes. With 
sodium dodecyl sulfate no such effect took place, and there was no growth after5 
minutes. 

From the above, it is clear that although prior treatment of the bacteria with 
anionic compounds delays the action of cationic germicides, it does not preventit, 
These results are somewhat at variance with those of Baker et ah This dif- 
ference is probably due to the fact that they used a concentration of about 1:20,- 
000 ADBAC, whereas ours was about 1:3,000. 

The following mechanism accounts for these observations. The surface-active 
cations first combine with the surface-active anions on or in the bacteria. This 
portion of the cations is inactivated. The cations must first reach the surface- 
active anions, which may have penetrated the bacteria to varying extents, and 
only then can the excess cations exert antibacterial action. 
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IXTEBFEBEXCB BETWEEN' THE C.^BBIDGE 

SwiXB Strain' of Influenza and the 
PR 8 Hualin Lnfluenza Virus. M . 
Michael Sigel, Virus Section, Second 
Army Area iledical Laboratory, Fort 
Benjamin Harrison, Indiana. 

In 1943 we demonstrated interference 
between the Cambridge and PR S influenza 
virus strains. This interference phenom- 
enon has been studied further, and certain 
quantitative relations have been estab- 
lished. In chicken embryos, the Cam- 
bridge virus prevented the growth of the 
PR S strain when the two were in approx- 
imately equal concentration in the 
inoculum. If the amount of the PR 8 
virus exceeded that of the Cambridge in 
the inoculum (10 to 100 times), the former 
only multiplied. Under certain conditions, 
evidence of multiplication of both viruses 
in the same embryos was obtained. 

Interference was also observed between 
the Cambridge strain and the Lee influenza 
virus. 

A Method of Inoculating Eiibbyonated 
Eggs fob the Propagation of Rickett- 
sia PBOWAZEKi- E. A. Deilwiler and 
P. A. Darling, Lilly Research Labora- 
tories, Indianapolis. 

In the usual method of inoculation of 
incubated eggs the shell is punctured at 
the large or air-sac end, the inoculating 
needle thrust downward past the embryo, 
and the inoculum deposited in the region 
of the yolk sac. In the present method 
the hole is made in the small or tip end, the 
needle passed through the albumen, and 
the inoculum placed in the area surrounded 
by the yolk sac. 

A comparative study of the two methods, 
involving appro.ximately 35,000 eggs in 
each group, indicated that tip-end inocula- 
tion resulted in a slight reduction in the 
number of unusable yolk sacs from dead 
embryos and markedly increased the 
quality of the yolk sacs available for 


harvest. As determined by microscopic 
examination of stained films , 32 per cent 
of the group inoculated by the usual method 
graded “good to excellent” in rickettsial 
growth, whereas in the group inoculated 
through the tip end, 68 per cent were of 
that degree of quality. 

EsTiALunoN OP Biological End Points 
BY Seiulog-abithhic Graph Paper. 
Frank Slreightoff, Lilly Research Labora- 
tories, Indianapolis. 

The Reed-Muench method is widely 
used in computing biological end points, 
such as the LDa of immunized and control 
mice in testing pertussis vaccine. In the 
Reed-Muench method data are tabulated 
and the percentage death rate determined 
at each dosage level. With a two cycle 
semilogarithmio graph paper, dosage levels 
are represented logarithmically on the 
ordinate and the percentage death rate on 
the abscissa. The first points in the tabu- 
lation, above and below 50 per cent death 
rate, are located on the graph and connected 
by a straight line. The LD.a dosage is 
determined by inspection. 

Semilogarithmic graph paper eliminates 
several calculations, and leaves a record 
which can be checked at a glance. 

On the Relation Between Pen'icillin 
Resistance ax'd the Production of 
Pen'icillin Inactiyatobs in Staphylo- 
coccus. S. E. Luria and Rachel M. 
Arhogast, Indiana University, Blooming- 
ton, Indiana, and Carnegie Institution, 
Cold Spring Harbor, New York. 

The individual cells of penicillin-in- 
activating (penicillinase-positive) strains 
of Staphylococcus often prove sensitive to 
penicillin when tested by plating small 
inocula in penicillin agar (Luria). Simple 
penicillin resistance, not accompanied by 
penicillinase production, has been shown 
to originate by spontaneous mutations in 
sensitive strains (Demerec). Similar muta- 
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tions to resistance occur in the cells of 
penicillinase-producing strains. The origin 
of penicillinase-positive strains from nega- 
tive strains in vivo in the course of penicillin 
therapy, assumed by many workers, 
appears doubtful in view of the following 
findings; (1) No penicillinase production 
appears when sensitive strains are made 
resistant in vitro. This is also true for 
strains supposed to have given penicillinase- 
positive variants in vivo. (2) No increase 
in penicillinase production occurs when 
penicillinase-positive strains are grown in 
penicillin media. (3) Penicillinase-positive 
strains are very frequent in first isolates 
from untreated patients. (4) Mixtures of 
positive and negative strains are found 
in the same untreated lesion. 

It is suggested that the apparent origin 
of positive strains in the course of therapy 
may be simulated by selection of positive 
strains out of unrecognized mixtures with 
negative ones in the same patient. It is, 
however, possible that mutations from 
penicillinase-negative to positive strains 
occur, which show up in vivo but not in vitro 
because of differences in selection pressures 
in different environments. 

Improving Strbptojiycin Yields by 
Strain Selection and Inoculum 
Development. Alfred R. Stanley, 
Research Department, Couunercial 
Solvents Corporation, Terre Haute, 
Indiana. 

Yields of streptomycin can be increased 
manyfold by strain selection. An original 
culture giving assays of 100 to 200 ag per 
ml was developed by strain selection to 
give 400 to SOO regularly. After irradiation 
of this culture with ultraviolet light, 
colony selection gave cultures in which 
yields of 600 to 800 ng per ml were not 
uncommon, with one strain giving an assay 
of over 900 in shake flasks. This selection 
was accomplished by isolating large num- 
bers of single colony cultures of Slrepto- 
myces griseus and testing them for strepto- 
mycin production. Those giving the best 
yields were subcultured for plant use. 
These comparative tests must be run on the 
fermentation medium being used in the 
plant, since the highest-producing cultures 
on one medium are not always the highest 
on another. 
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Antibiotic yields can also be increased 
by selecting the inoculum medium that 
gives the highest assays in the fermenter. 
If the wrong medium is used for culturing 
the inoculum, low yields will be obtained in 
the fermenter. 

Nutrition of Strbptomycbs grisecs 
in Relation to Streptomycin Titeb. 
Ralph B. Bennett, Commercial Solvents 
Corporation, Terre Haute, Indiana. 

In conjunction with pilot plant produt- 
tion of streptomycin, the nutrition of 
Streptomyces griseus was studied in attempts 
to secure the optimum medium. Media 
reported in the literature, such as corn 
steep water and peptone, beef extract and 
peptone, and soy bean, were found with a 
selected strain of S. griseus to give routinely 
streptomycin titers of 400 pg per ml in 
laboratory shake flasks and 200 to 400 pg 
per ml in 300-gallon pilot plant runa. 
Other commercially available materials 
which gave comparable titers in the labora- 
tory were acid-hydrolyzed casein, acid- 
hydrolyzed rabbit fur, acid-hydrolyzed 
wheat gluten, acid-hydrolyzed stillage from 
wheat mash yeast alcohol fermentation, 
and asparagus butt juice concentrate. 

Media containing an abundance of pW" 
teins, preferably in the form of amino acids 
or polypeptides, are a prerequisite foi mg 
titers. A comparison of several media 
before and after acid hydrolysis or enzyme 
digestion shows that the digested forms o 
nutrient materials are much the more 
favorable. 

Corn steep, beef extract, or some su 
stitute must be used with most of the pm 
tein-bearing materials mentioned abo\e. 
The use of corn steep or beef extract withou 
special precautions yields a final strcpto^ 
mycin containing dangerous amounts o 
histamine. Much of the stimulation "a 
to steep water can be obtained by incluswj 
in the medium of a proper concentration ® 
steep ash or other potassium-bearing sa 
such as potassium phosphate or cblori 

Isolation op a Pure Culture ot ^ 
Cellulose-digesting Bacterium- 
Y. Quinn, Bacteriology Departmen. 
Purdue University. 

The culture studied by Murray (J- 
47, 117) digested cellulose even m 
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presence of a stream of air. Murray 
recognized a variety qf morphological 
forms in his culture, but he concluded they 
were all aerobes or facultative aerobes. 

Pratt suggested that the cellulose de- 
composer might be an anaerobe growing 
with an aerobe which reduces the oxygen 
tension. 

The present studies of this same culture 
have led to the isolation of the anaerobic 
organism or organisms which digest 
cellulose only at greatly reduced oxygen 
tension. After 21 days’ incubation at 65 C, 
the morphological type consists of a gram- 
negative filament beaded with gram- 
positive granules at regular intervals . This 
organism was isolated on a completely 
synthetic medium containing Hungate’s 
cellulose, and the digestion of cellulose 
was evident after 3 days’ incubation. 
Digestion of cellulose began in a yellow 
band near the surface of the cellulose mass 
in broth cultures, but later the entire 
cellulose mass became diffusely yellow. 
Digestion stopped when the pH reached 
6.55. Substances reducing Benedict’s solu- 
tion were produced. 

Use op KaTXENs fob Demonstbation of 
Entebotoxin Pboduction by Strains 
OF Clostbidium pebfbingens impu- 
CATED IN Human Food Poisoning, 
Rafael Marinelarena and L. S. McClung, 
Bacteriological Laboratories, Indiana 
University, Bloomington. 

Preliminary studies indicate that the 
young kitten may be sensitive to entero- 
toxin production by Closlridum perfringens 
as evidenced by the production of diarrhea 
following feeding of culture supernatant 
after centrifugation of a young culture. 
Although in the assay of enterotoxin of 
staphylococcal origin vomiting is a more 


positive symptom, the absence of vomiting 
in our tests may not be significant since 
humans {volunteer and outbreak cases) 
usually did not display this symptom. 
Further studies are in progress. 

Flagellab and Somatic Agglutination 
OF Clostbidium bifermbntans and 
Clostbidium sordelli. Helen Michael 
and L. S. McClung, Bacteriological 
Laboratories, Indiana University, 
Bloomington. 

An intensive study has been made of the 
flagellar and somatic agglutination of a 
large collection of strains of Clostridium 
bifermenlans, including historical cultures 
and others isolated during the recent war, 
and authentic strains of Clostridium sordelli 
from Hall, Sordelli, and Meleney. The 
results indicate antigenic identity of these 
cultures, since all strains would react in 
sera prepared from either organism and 
strains chosen at random could absorb 
all agglutinins from such sera. The data 
lend further support to the identity of the 
two organisms. 

Lecithinasb Production by Clostbidium 
HBMOLYTICUM. L. S. McClung and Ruth 
Toabe, Bacteriological Laboratories, 
Indiana University, Bloomington. 

In addition to the species previously 
reported, Clostridium hemolyticum has been 
found to be an active producer of leoithinase 
as shown by the lecithovitellin reaction. 
In egg yolk plate cultures the zone of 
precipitation is larger than that of 
Clostridium perfringens, and a high titer is 
obtained on assay of supernatants following 
centrifugation of young cultures. Further 
studies are in progress on the relation of 
this factor to the hemolytic toxin for which 
the species is best known. 
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Intravenous Infection of the Chick 
Embryo with Human Tubercle Bacilli : 
Inhibitory Effects of Streptomycin. 
Henry F. Lee and Abram Siavilsky, 
Children’s Hospital, Philadelphia, 
Pennsylvania. 

A new chick embryo technique was 
devised which made possible the rapid 
production of disseminated tuberculous 
lesions within the parenchymatous organs 
of chick embryos. The bacteriostatic 
effects of compounds may be tested in a 
short period of time in the presence of 
intact tissues. Studies utilizing strepto- 
mycin and certain other chemotherapeutic 
substances served to demonstrate the 
validity of the method. Streptomycin 
prevented the development of histologic 
evidence of infection in chick embryos 
intravenously inoculated with tubercle 
bacilli, but bacilli were recovered upon 
culturing the tissues. 

Reducing the Pyrogbnicity of Con- 
centrated Solutions op Proteins. 
Robert B. Pennell and William E. Smith, 
Department of Immuno-chemistry, 
Medical Research Division, Sharp and 
Dohme Laboratories, Glenolden, Penn- 
sylvania. 

The use of Seitz filtration for the removal 
of pyrogenic substances from solutions of 
crystalloids and other solutes of compara- 
tively small molecular weight has been 
common practice. The effectiveness of 
this procedure for the removal of pyrogens 


from protein solutions has been sligW, 
however. The treatment of pyrogenie 
protein solutions with “decalso,” an ei- 
change silicate, particularly when used in 
conjunction with a new type of Seitz psl. 
Republic filters’ K6 and S6 pads, is effective 
in the reduction, or complete removai, of 
pyrogenicity from such solutions. Re 
“decalso” itself must receive a pretrenl- 
ment, e.g., a carbonate wash, for removsl 
of inherent pyrogens before it is used for 
treating protein solutions. For protein 
solutions of moderate concentration, 5 1® 
10 per cent, and low pyrogenicity, SOginns 
of “decalso” and 60 sq inches of pad surface 
per liter of solution treated have been 
found effective. The amount of “decaho 
and the pad surface per unit volume of 
solution treated increases with the ppO' 
genicity and the protein concentration of 
the solution. Except in extreme instanco 
the foregoing considerations result m > 
procedure which is practical in the rout® 
production of pyrogen-free protein aok 
tions. The time of treatment "i* 


“decalso” was not shown to be of extroK! 
importance. Attempts to demonstrate t n 
manner of the pyrogen removal voc* 
unsuccessful. 


SojiE Observations on MicbobioW)“ 
IN THE U.S.S.R. Stuart Mudd, 
ment of Bacteriology, University c 
Pennsylvania, Philadelphia 4, cc 
sylvania. 
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In a previous publication (IQIB) bacterial motility was shown to be due, not 
to activity of so-called “flagella,” but to a gjwating and undulating movement 
of the bacterial body itself. “Flagella” are not motor organs but rather for- 
tuitous appendages. The gyrating and undulating movement of the bacterial 
bodj' originates in the protoplasm which lines the inner surface of the ceU wall. 
It forces the cell w'all into the shape of a mo\Tng spiral. As a result, the outer 
covering of the ceU wall, which consists chiefly of polj’saccharide material, is 
during fast movement, ^vith the added effect of friction, mechanicall 3 ^ twisted 
into a tail as in figure 1. This has been described, photographed, and filmed b 3 ' 
me on previous occasions (1930, 1931-32, 1938, 1940, 1941a, 19415, 1942). At 
other times this twisted material imtwists into a var 3 dng number of wa-\’y threads, 
which have so far gone under the name of “flagella.” These twistings and im- 
twistings have up till now onl 3 ' become \Tsible with sxmhght dark-groimd micros- 
copy (1938, 1940, 1941a). 

All this not onl 3 ^ fits in with modem conceptions of bacterial stmctm’e, as 
analyzed b 3 '- Knaysi (1938, 1944) and Dubos (1945), but it supports them. A 
tough cell wall enclosing the protoplasm naturall 3 ’’ bars this five substance from 
transmitting the required energ 3 '’ to supposititious “flagella” outside the cell 
waU. Even the electron microscope has not brought e\'idence that “flagella” 
pierce the cell wall, witness the comprehensive renew of !Mudd and Anderson 
(1944). 

All protoplasmic energ 3 ’’ must arise within the cell wall. ^Iechanicall 3 " this 
energy reveals itself by throwing the ceU wall into spiriUar contortions, which 
result in movement in undulating and g 3 uating fashion. The outer covering 
of bacteria, referred to as the “slime la 3 ’er” b 3 ' Iiha 3 "si (1938, 1944), is largel 3 ' 
polysaccharide material, and as such very' plastic. It has long-chain molecules, 
with’ a tendency to form long miceUes, and can be drawn out into threads several 
centimeters long (Knay'si, 1944). During rapid rectilinear movement it tapers 
automaticaUy into a tail, as in figure 1. The taU may be very much longer than 
is shown in figme 1. Slowing do'wn reveals its spiral nature, as in figure 2, as 
it is fashioned by' the gyuating, imdulating movement of the body'. Occasionally 
it splits, as in figures 3 and 4, after which it may- reunite again. Its general 
twisted structure becomes apparent on other occasions when I have seen it come 
apart in a number of fine wa^y threads (1938). These are the supposed “flag- 
eUa” for which so many' staining processes have been invented, and which are 
now well kno'wn from electron microscope pictures, in which they lie as a tangled 
mass around the bacteria. 

“FlageUum” both in bacteriology' and zoology' means a motor organ. As, 
however, both the tail and the wa\y threads resulting from its untwisting owe 
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THE PHOTOMICROGRAPHS 

Some of these have had to be made with sunlight, the others were made with a 
pointolite lamp, but in no case do they illustrate more than what becomes visible 
100 CP pointolite lamp is used, as stated in the text. It must be realized that overexpos 
of bacteria lying still or overprinting of negatives, which is sometimes necessary, leaos 
the appearance in the photomicrographs of thicker appendages than in reality exist. 

Fig. 1. Bacterium with short straight tail. X2,000. jt-jj 

Fig. 2. Bacterium slowing down, straight tail has become broadly wound coil, 
spiral shape of bacterium. X4,000. . -kt i. • l «haDe. 

Fig. 3. Bacterium slowing down and splitting its broadly wound tail. Note spiral s r 
X5,000. 

Fig. 4. Bacterium with split tail. Note spiral shape. X5,000. 
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theii- origin to the motility of the body, then- fmiction must be regarded as en- 
tirely piissive, and the term “flagellum” should no longer be applied to any of 
these structures. At best the tail acts as a passive rudder, contributing to the 
steadmess of the gyratmg imdulatmg movement of the body. But neither 
tail nor “flagella” possess energj"; they do not represent a drhdng force. These 
thmgs should be designated as “polysaccharide tvirls,” a term which adequately 
sums up and describes their nature and origin. 

It also follows that motile bacteria should no longer be regarded and described 
as “rods.” Thej' maj’’ look rodlike hi killed, fixed, and stained preparations, 
although even then curved shapes occur and have often been noticed. For 
systematic classification purposes, however, this rodhke shape should no longer 
be accepted as correct. Bacterial morphologj' should be based on the shape 
which becomes manifest during active life, wliich here means motifity. “Motile 
bacteria” thus becomes a self-contradictorj'- expression. T\fiien “bacteria” are 
motile, they move in undulating gjn-ating fashion and exhibit spiral shape, and 
not the appearance of rods, or “bacteria.” This upsets bacterial classification, 
but facts must be recognized, and their recognition will eventuall 3 ’’ lead to clari- 
fication and simplification of taxonomy. In this paper the word “bacteria” 
is used -without prejudice. 

Different species of bacteria are credited i\ith differences in the number and 
the attachment of their “flagella.” Serologj’ relies to a certain extent on differ- 
ences in the phj'sicochemical nature of the potysaccharide covering of bacteria. 
Such physicochemical differences maj’’ well express themselves in the munber 
and situation of the polysaccharide tuiiis that become unwound, and have 
given rise to the terms, “peritrichic,” “lophotrichic,” etc. 

POLTSACCH.ARIDE TW'IRLS 

Abolishing the word “flagella” in bacteriologj’^ and replacing it bj' a term like 
“polysaccharide t-wdrls” does not rob the stmctures referred to of all importance. 
They remain curious morphological phenomena, and maj"^ even retain some 
taxonomic interest. Alotility, however, is not dependent on their presence, 
nor development. Very motile bacteria need not exhibit anj’^, as I have shown 
(1946). Their development depends on the production of a good “slime layer” 
of pol3’^saccharide material. The haphazard results of staining methods for 
“flagella” here find their explanation. Very fast moA-ing bacteria do not neces- 
sarily possess much pol 3 "saccharide coating.' 

The action of H-agglutinating sera needs further re^’ision. I have shown 

' An illuminating story concerning Zettnow and “ flagellar” staining in general is told by 
Levenson (1938) . He was in a postgraduate class in which Zettnow taught his own method, 
but no member of the class succeeded in staining even a single “flagellum”! 

Fig. 5. Bacterium with broadly wound coil attached to one side. X4,o00. 

Fig. 6. Bacterium with tail in the shape of a broadly wound coil moving from the pole to 
the side. X3,000. , . , 

Fig. 7. Bacterium with tail in shape of broadl3' wound coil defimtel3' over to one side. 
X3,000. 

Fig. S. Bacterium with tail in shape of broadl3' wound coil defimtel3" attached to one 
side. X3,000. 
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(1938, 19-10) that such sera have no real agglutinating action. All they do is 
to cover “flagella” and body surface mth a thick precipitate, presumably globu- 
lins, which stiffens the “flagella.” This was confirmed with the electron micro- 
scope by Mudd and Anderson (1941). The stiffened “flagella” or “twirls” 
resemble corlcscrews. This is the -whole effect of the H-agglutinating serum. 
What then follow^s is fortuitous entanglement of the stiff t-wirls, caused by ac- 
cidental currents and slight remnants of bacterial motihty. “Flagellar aggluti- 
nation,” supposed to be the result of an H-agglutinating serum, does not exist; 
it is neither flagellar nor do.es the serum cause agglutination. 

JIETHYLCELLULOSE 

Methylcellulose is a water-soluble cellulose ether, produced and sold by the 
Dow Chemical Company of Midland, Michigan, as “methocel.” According 
to the firm’s booklet it forms colloid solutions, which are colorless, odorless, 
tasteless, and nontoxic. It is available in sLx -viscosity types, ranging from 15 
centipoises to 4,000 centipoises in a 2 per cent solution. Professor Eobert 
Breed kindly supplied me wdth a quantity of methocel, -with the suggestion that 
I should apply it to the study of bacterial motility, for which I here express my 
thanks. It was also through his land help that, ivhen I found it useful, the 
firm supplied me with larger quantities of the 15 cps and the 4,000 cps variety, 
for -n-hich I remain very grateful. Methocel has been of great assistance to me 
ui elucidating the motility of bacteria. 


EFFECT OF jrETHOCEL ON MOTILE BACTERIA 


Most of my observations have been made on Eberthella tijphosa, but control 
observations on Proteus vulgaris, Bacillus megaihcrium, Bacillus cereus, Pseudo- 
monas jluorescens, and Bacillus subtilis confii-med that my conceptions of motdity 
and “flagella” are applicable to most, if not all, motile bacteria. 

The effect of methocel solutions on motile bacteria is t-umfold. Them -viscosity 
slows do-UTi motility, and a slight precipitate ivliich descends on the bacterial 
bodies and -wavy appendages makes these last structm’es more easily -visible. 

Methocel solutions differ in their effect from the colloid solutions pre-^douslj 


used by other authors for the purpose of slowdng down motility through iH' 
creasing xdscosity (Neumann, 1925, 1928; Neumiiller, 1927; Loveland, 1933; 
Wei, 1936). These authors used gelatin or gum, and the result was such a 
voluminous precipitate of these substances on the supposed “flagella” that 
thej'^ appeared as heavy corliscrews, the same as if they had been treated with 
an H-agglutinating serum, with similar end results (Pijper, 1930, 1931--32, 
1938, 1941a). This precipitate was not noticed as such by the authois, and thej 
regarded the thick -waxw threads they saw attached to the bacterial bodies as 
plaits of otherwise normal “flagella.” This misinterpretation added to the 
confusion. Such complete artifacts which have proved so misleading to pre-vious 
authors do not usually^ occur in the weaker solutions of methocel, as employe 
by me, or if they do, they only occur after prolonged exposure. . 

Methocel solutions of suitable strength have the advantage of precipitating 
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just so much material onto bacterial appendages that their slight thickening 
makes them visible by ordmary dark-groimd microscopy with a 100 CP point- 
olite lamp, without havmg to take recourse to sunlight. The “polysaccharide 
twirls,” formerly called “flagella,” become visible in full activity, in a condition 
which closelj’’ approximates normality. The slight coating of methocel scarcely 
affects then’ behavior and appearance. Figures 1 to 8 show early stages. 
Figures 9 to 15 show various more or less advanced stages of “untwisting.” 
For demonstration purposes the methocel solution teclmique is bound to super- 
sede the elaborate and often disappointing fixing and staining methods, which 
at best show a mass of entangled wavy threads, without any clue as to function. 

The slowing doivn effect through viscosity is the feature which elucidates 
bacterial movement. In my previous studies of bacterial motility I used to 
aim at the brightest possible light, which was pro\dded by the sun, and the fastest 
possible bacteria, in order to get a good view of their tails. As a result their 
bodies became just a blur, and the nature of their movement became hidden. 
Placing such high-speed bacteria in a suitable methocel solution and using less 
brilliant light in the form of a 100 CP pointolite lamp completely altered the 
picture. The bacteria now moved slowly vfith or without tails or other append- 
ages. Their bodies exhibited graceful, regular undulating and gyrating move- 
ments, which propelled them through the fluid (figure 4). The slower they 
moved, the more pronounced the vmdulations became (figure 16). Readily 
visible in long forms, the same kind of movement also became quite evident in 
the shorter and even very short forms (figures 21 and 22). Very fast sivimmers 
moved for a time as very elongated spirals (figure 17), but as a rule adopted 
a more leisurely, broadly undulating gyrating movement later on (figure 18). 
The whole spectacle can scarcely be watched without the thought dawning upon 
the spectator that in this undulating gyrating movement is the force which 
propels the bacterium, and that it is not in the tail, which follow'S somewhat 
limply behind. Every bacteriologist has occasionally watched bacteria move 
across the field with a curiously oscillating movement. This “waddle” has so 
far not been recognized for what it is, viz., a gyrating undulating movement 
propelling the body in spiral form. The spiral shape of the moving bacterium 
in methylcellulose solution is quite unmistakable, and it persists when the bac- 
terium comes to rest, or dies (figure 19). It is more persistent after death in 
methocel solutions than in watery solutions. ■ Dividing forms also show^ it 
(figures 20 to 22). 

In not too viscous solutions, in which speed is not too much reduced, many 
bacteria still drag a straight tail along. Slo^ving doivn and more pronounced 
gyration and undulation cause a broadening of the coils of the tail (figure 2). 
With a return to higher speed the tail may stretch again. If, during periods 
of rest or slower speed, there is only one appendage, it is usually attached at one 
end; but it may then go somewhat to one side (figures 5 to 8). Vfiien the tail 
untivists in methocel solutions, it usually at first splits into tw’o wavy appendages, 
rarely three (figure 14). In methocel solutions the untwisting sometimes pro- 
ceeds further than this, and on occasion the tivisted polysaccharide material 




Fig. 9. Bacterium with tail definitely split into two wavy appendages. X 3)000- 
Fig. 10. Bacterium with two symmetrically arranged wavy appendages. X 3,000. 
Fig. 11. Bacterium with two irregularly arranged wavy appendages. X 4,000. 

Figs. 12 and 13. Two bacteria, each with two irregularly arranged wav 3 ' appenOag 
X 1,500. 

Fig. 14. Bacterium with three wavy appendages. X 1,500. , *5 

Fig. 15. One bacterium of which the body is badly blurred in order to show at least 
wavy appendages. X 4,000._ , . ^ 

Fig. 16. Two bacteria which have just divided, both showing spiral shape ana toge 
forming a larger spiral. X 2,000. 

Fig. 17. Long bacterium showing drawn-out spiral shape. X 3,500. 

Fig. 18. Bacterium showing perfect spiral shape. X 2,000. 

Fig. 19. Dead bacterium still showing spiral shape. X 3,000. 

Figs. 20 and 21. See facing page for legends. 
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PiQ. 20. Two bacteria which have just divided, the frontal one showing perfect spiral 
shape. X 3,000. 

Ifio. 21. Two sets of bacteria which have just divided. Note spiral shape of both sets. 
X 3,000. 

Fig. 22. Short ibacterium which has just divided and both the new individuals and the 
combination show spiral shape. X 3,000. 

Fig. 23. Bacterium with one wavy appendage which ends in indistinct mass around 
bacterium. X 2,000. 

Pig. 24. Clump of bacteria with wavy appendages sticking out. X 2,000. 

• u Two bacteria which have been in methylcellulose solution too long, 

marked thickening of wavy appendages. X 2,000. 

Fig. 27. Large number of bacteria, most of them slowing down or stopping suddenly and 
showing broadly coiled tails. X 2,000. 
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comes apart into several fine wavy threads, as in figure 15. I have, however, 
never seen in methocel solutions the very large number of wavy threads that 
I have seen in watery solutions, in which it may reach the number of 20 or there- 
abouts. The explanation probably is that the thin coating of methocel prevents 
complete deployment. 

When the tail splits into just two appendages, which is shown in various stages 
iu figures 4, 9, and 10, they may be arranged symmetrically, but often there 
is no regularity about their attachment (figures 11, 12, and 13). 

In many instances the appendages stop short a little distance from the bac- 
terial body, indicating that they really belong to the outer covering (figure 23). 

In methocel solutions bacteria show a tendency to stick to one another once 
contact has been made accidentally. This leads to formation of small groups, 
the bodies becoming attached, while wavy threads stick out (figure 24). 

TECHNIQUE AND DETAILED RESULTS OP OBSERVING MOTILE BACTERIA 
IN METHOCEL SOLUTIONS 

Methocel solutions are best made by weighing out the requhed quantity, 
pouring on half the required saline at boiling temperature, allowing the material 
to soak for some minutes, and then adding the rest of the saline. The mixture, 
in a corked flask, is then placed in a refrigerator and left there until solution is 
complete. For the more concentrated solutions it is advantageous to invert 
the flasks from time to time. The solutions will be found to be perfectly clear 
to the naked eye, but for dark-ground work, where every blemish shows up, 
it is advisable to subject the thicker solutions to rapid centrifugalization, and 
the thinner ones to filtration through a Seitz filter. In a refrigerator solutions 
made under sterile conditions keep very well. I have occasionally noticed fungal 
growth; it is better to discard such flasks. In methocel solutions viscosity 
increases with a rise in temperature, and so at room temperature the viscosity 
is higher than in the refrigerator. It is probably further increased by the heat 
rays in the focus of the dark-ground condenser, but to what extent it is impossible 
to say. The amount of precipitation on bodies and appendages is probably 
also affected by the temperature, apart from the concentration of the solution. 
Then there is the time factor. As time proceeds the amount of precipitate 
always increases, and a bacterium that looks like figure 1 or 2 in a suitable solu- 
tion of methocel may keep this appearance for several hours, but eventually 
it will look like figure 25 or 26, although 24 hours or more may be required to 
reach this stage. Taking all these uncontrollable factors into account, it 
hardly feasible to prescribe the exact strength and kind of solution required for 
a particular effect. 

Microscope preparations ai’e made by placing a large loopful of the metboco 
solution on a slide and rubbing a very small loopful of broth culture gently into 
it. A cover slip is dropped on and sufficient time given for the drop to spreo^ 
out to the edges. The cover slip is .sealed down on two sides. An encloso 
small air bubble is helpful for supplying oxygen; in its neighborhood bacteria 
live longer and remain more active. 
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A 100 CP pointolite lamp is'suflScient to see everything that is illustrated in 
my photomicrographs. A small 5 amp, arc lamp does the same. I use a Zeiss 
cardioid condenser, but other good glass dark-ground condensers answer well. 
As an objective I like the 60 X Zeiss, %vith iris, and a fairly strong ocular, say 
15 X or even 20 X is indicated. Binoculars can be used, and when they are 
arranged to give a stereoscopic effect, the undulating gyrating movement becomes 
particularly obvious. All binocular attachments, however, decrease the amoimt 
of light reaching the eye, and finer details may become invisible this way unless 
the lamp is very bright. 

It is essential to work \vith bacteria possessing a high degree of motility, and 
this can usually be achieved by making them grow in several passages through 
soft agar, either in a petri dish or through a U tube. 

For the benefit of those wanting to repeat the experiments I shall now briefly 
give the results obtained in various methocel solutions, with the reservation that, 
for the reasons mentioned above, it is difficult to duplicate results. The notes 
refer to typhoid bacilli, strain Ty 901. 

METHOCEL VISCOSITY TYPE FIFTEEN CPS 

With 0.25 per cent solution, absolute viscosity about 2.5 cps. Motility very 
good, with numbers of very long and thin tails, much longer than appears in 
figure 1. After half an hour some tails become broadly wound coils, as in figure 2 
or 27, but motility remains good. An occasional one untivists and becomes 
like figure 9. Movement remains too fast to show undulation and gyration. 
After two hours motility decreases, and, although some very long and straight 
tails are left, many bacteria now show two appendages. These sometimes 
come together again and form one tail, which then again splits, thus illustrating 
the reversibility of the change. 

With 0.5 per cent solution, absolute viscosity about 3.5 cps. Motility very 
good, Mth numbers of long tails. Occasionally slight gyrating and imdulating 
movement is visible, but on the whole movement is too fast. Many suddenly 
slow down ivith tail becoming a broad coil, as in figure 2 or 27, and then again 
return to high speed and a long thin tail. Collisions rather more frequent 
than is normal. Unt’ivisting and retwisting of tails quite common. After 
a few hours : motility decreased, some swimming with broadly coiled tail ; undu- 
lating gyrating movement visible here and there, but not pronounced. 

With 1 per cent solution, absolute viscosity about 6 cps. Motility at first 
quite good, mth many long thin tails, and very little imdulation and gyration. 
After some minutes broadly woimd tails appear as in figure 2 or 27, which, how- 
ever, often return to the elongated shape. Many bacteria in their straight- 
forward course suddenly reverse frontal and caudal pole, while the tail remains 
in place. This means that they can turn a half somersault within their coat 
of polysaccharide combined ivith methocel material. Bumping against one 
another is not uncommon. After one hour: still many normal tails, although 
generally motility is much less and many broadly wound tails and double ap- 
pendages have appeared. Many bacteria start swimming in narrow circles, 
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swinging their tails around. After a few hours : little motility left, many broadly 
wound tails, moving and still. Some splitting of tails still' occurs. No obvious 
undulation and gyration. 

■With 1.35 per cent solution, absolute viscosity about 7.5 cps. Motility at 
first very good, but slows down fairly soon, and then imdulating gyrating move- 
ment begins to show up (figure 4). Tails become broader spirals rather soon. 
Bumping occurs, and the individuals often stick. Appendages thicken visibly 
after a few hours and motility comes to an end. 

With 1.5 per cent solution, absolute viscosity about 9.5 cps. After initial 
high velocity with long tads, many sudden stoppages and reverses take place. 
Indications of undulating and gyrating movement start early (figures 16, 17, 
and 18). Circular movement with broadly wound tails fairly common. Tails 
split and reunite often. Clumps form easily, with wavy appendages sticking 
out, sometimes revolving erratically, probably as a result of tension in the 
material (figme 24). 

With 2 per cent solution, absolute viscosity about 15 cps. Very much the same 
as in the 1.5 per cent solution. Sudden “reverses” quite common. 

With 3.5 per cent solution, absolute viscosity about 24 cps. At first quite 
normal long tails, but the bigger bacteria begin to show undulating gyrating 
movement quite clearly, while the smaller ones often swim in narrow circles. 
Tails rapidly become broader coils and splitting is common. Thickening of 
appendages not more marked than in previous less viscous solutions. 

With 3 per cent solution, absolute viscosity about 37 cps. On the whole 
the same as in the 2.5 per cent solution, but there is more undulating gyrating 
movement. Motility stops rather soon. Thickening of appendages not more 
than in previous solutions. 

With 3.5 per cent solution, absolute viscosity about 54 cps. At first good 
motility with typical long tails, but imdulating gyrating movement starts 
quickly and becomes quite manifest, while the tails rapidly become broad coils. 

With 4 per cent solution, absolute viscosity about 80 cps. After usual initial 
high velocity with long thin tails, undulation and gyration become quite marked, 
and motility endures, some bacteria undulating and gyrating with long thin 
tails and others with broadly wound tails. 

With 4-5 per cent solution, absolute viscosity about 113 cps. Motility very 
poor except near air bubbles. Those that move show fair undulation and 
gyration ivith long tails that rapidly become broad coils. 

With 5 per cent solution, absolute viscosity about 160 cps. Scarcely any 
motility. 


METHOCEL VISCOSITY TYPE EOUH THOUSAND CPS 

With 0.1 per cent solution, absolute viscosity about 7 cps. Very good motility 
with faintly visible but very long and straight tails. , 

With 0.35 per cent solution, absolute viscosity about 20 cps. Very goo 
motility, tails becoming more easily visible. Occasionally a taU becomes a 
broad coil. Sudden reversals in direction also become visible, with the ta 
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sometimes left behind, and the bacterium then swims over its own tail, making 
it obvious that the body directs the tail and not the tail the body. Motility 
decreases with time, and broadly wound tails appear. There is then little 
gyrating undulating movement. 

With 0.5 per cent solution, absolute viscosity about 50 cps. Very good motility 
at first, with thin long tails, which rapidly become more easily visible. The 
longer fornos begin to show gyration and undulation, but the curves of the 
bodies remain fairly flat, the speed being still fairly high. 

With 0.76 per cent solution, absolute viscosity about 140 cps. Motility is 
now much less from the start, and there is a good deal of undulation and gyration. 
Tails easily visible, sometimes still as long, straight structures, sometimes as 
broad coils. Tails are often left behind at sudden reversals in direction, and 
then appear again at the other end. Tails often extremely long. This medium 
is very good for showing definite gyration and imdulation with tails attached. 
Bacteria lying still usually show definite spiral shapes. 

With 1 per cent solution, absolute viscosity about 300 cps. Motility is slow, 
there is very marked undulation and gyration, tails usually are broad coils. 
A few rapidly moving bacteria still show elongated, very straight tails. Undu- 
lation and gyration become quite universal after an hour. 

With 1.5 per cent solution, absolute viscosity about 1,200 cps. Undulation 
and gyration very common from the start, with slow motility, while tails 
gradually change from the elongated form to broad coils. Many bacteria 
reverse suddenly their direction and then swim over their tails, which appear 
again at the other end. After half an hour many clumps are formed, with 
coiled appendages sticking out. 

With 2 per cent solution, absolute viscosity 4,000 cps. Motility very slow, 
with very marked undulation and g 3 Tation, sometimes with a long, thin tail, 
which is often left behind during sudden reversals of direction. Motility stops 
fairly soon, but even after an hour there are still individual bacteria showing 
very clear undulation and gyration, with elongated tails. 

With 2.5 per cent solution, absolute viscosity 11,000 cps. Motility very 
limited and slow, but this is accompanied by very good imdulation and gyration. 

SUMMARY 

Solutions of methylcellulose (sold as “methocel” by the Dow Company) 
provided a particularly suitable medium for the study of bacterial motility. 
Such solutions possess sufficient viscosity to slow down the movement of other- 
wise fast-moving bacteria and thus supply conditions for detailed observation 
of movement, which appears as if it were in “slow motion.” The special ad- 
vantage of methocel over the solutions of gelatin and gum used hitherto for this 
purpose is that the precipitation of the colloid material on bacterial bodies and 
appendages is minimal, so that motility is not hindered by this thickening. 
With gelatin and gum the amount precipitated is always so large that the bac- 
teria, with enormously thickened appendages, appear as caricatures of them- 
selves, and no valid conclusions can be drawn from such artifacts. With 
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methocel this precipitation and thickening is a very slow process and solutions 
can be prepared in which for a long time the amount precipitated on the bacteria 
is just enough to make the fine appendages (“flagella”) visible by ordinal}' 
dark-groimd methods avith ordinary lamps, without having to take recourse 
to the brilliancy of sunlight and dark-ground techniques; Methocel therefore 
places the dark-ground study of bacterial motility and bacterial appendages 
during life avithin the scope of ordinary microscopic technique. 

A study of motile bacterial under these conditions leaves no doubt that such 
bacteria propel themselves by means of imdulating gyrating movement of 
their bodies, in which “flagella” play no active part. It becomes obvious that 
the wavy appendages which appear imder these conditions and which used to 
be called “flagella” are just the product of motility and not its cause. They 
consist of the outer covering of bacteria, which is mainly polysaccharide, and 
through the imdulating gyrating movement of the body they are tivisted oS 
in the shape of long spiral tails or more or less numerous thin, wavy threads. 

This new conception of bacterial motility and of the nature of the so-called 
“flagella” has already been put forward, ivith all the evidence on which it is 
based, in a previous paper (Pijper, 1946). The present paper describes in detail 
the technique and the results achieved with various methocel solutions. On 
the whole, methocel of the 15 cps variety is more suitable for maldng the conduct 
of appendages visible, and methocel of the 4,000 cps variety brings out the undu- 
lation and gjmation more readily, but both phenomena can be observed in suit- 
able solutions of either variety. 

Motile bacteria representing several groups have been examined, and they 
all exhibit these undulating gyrating or “spirillar” movements. It therefore 
appears that motile bacteria can no longer be regarded as rods, or “bacteria, 
but must be classed as something like spirilla. The term “flagella,” which 
would indicate motor organs, will have to be dropped and replaced by an 
expression such as “polysaccharide twirls” or “mucous tivirls.” 
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Very little work has been reported concerning the effects of bacteria on the 
growth in vitro of Trichomonas foetus. Numerous reports in the literature 
indicate that many trichomonad infections in cattle are accompanied by a 
varied bacterial flora. The influence these organisms may have on the ultimate 
establishment of bovine trichomoniasis is not known. The purpose of this 
paper is to present research concerning the effect of certain bacteria upon the 
growth of T. foetus in vitro. 

ReidmuUer (1928) isolated Brucella abortus, gram-negative rods, diplococci, 
and streptococci from aborted fetuses in which trichomonads were foimd. 
Abelein (1929), Weidenauer (1930), and Kohl (1933) foimd diplococci, strep- 
tococci, staphylococci, and diphtheroids in trichomonad pyometra fluid. Hahn 
(1935) and Wohlfarth (1937) identified Corynebacterium 'pyogenes in cases of 
trichomonad pyometra. Smythe (1943) and Murray (1943) also reported the 
coexistence of C. pyogenes and T. foetus in cattle. 

Kerr (1942) pointed out that lesions in cattle infected with T. foetus may 
have been due to associated or concurrent secondary bacterial infections by 
such organisms as diphtheroids or streptococci. Kerr (1943) also recognized 
the presence of bacterial infection in an abscessed condition of the epididymis 
of a. bull that had been inoculated with a diphtheroid-contaminated culture 
of T. foetus. Karlson and Boyd (1941) found T. foetus in the seminal vesicle 
of a bull with bilateral orchitis and vesiculitis; a pure culture of C. pyogenes 
was present in both seminal vesicles and the left epididymis. Patrizi (1940) 
reported on a case of genital tuberculosis accompanied by trichomoniasis in 
a bull. 

Abelein (1929), ReidmuUer (1928), and Gehring and Murray (1933) were 
unsuccessful in cultivating T. foetus free from bacteria. Witte (1933) was the 
first to cultivate a pure strain of this flageUate. He inoculated bacteria-free 
trichomonad pyometra exudate into serum broth cultures. Glaser and Coria 
(1935) described the “V” tube migration technique and isolated in pure culture 
the first American strain of T. foetus. Since their report, many methods of 
isolation have been suggested. 

* A paper submitted to the graduate faculty. University of Wisconsin, in partial fulfill- 
ment of requirements for the degree of master of science. 

* Department of Bacteriology, University of Arkansas Medical School, Little Bock, 
Arkansas. 

* Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station. Project No. 622-V; Trichomoniasis and Other Reproductive Diseases of Cattle. 
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It has been known for some time that T. foetus will not grow in vitro in the 
presence of certain contaminating bacteria. Morgan (1942) first demonstrated 
that an atypical strain of Corijnehacterium renalis grows in close association mth 
T. foetus since the flagellates multiplied more rapidly in its presence than in 
bacteria-free cultures. He believed that this acceleration may be caused by 
a change in the medium due to hydrolysis of proteins and carbohydrates by 
the diphtheroid, but the nature of this action is not known. 

Plastridge (1943) was unable to grow T. foetus in the presence of staphylo- 
cocci and coliform organisms. Zeetti (1940) found trichomonads could not 
grow rvith various species of micrococci. Williams and Plastridge (1946) found 
that T. foetus was completely destroyed in less than 24 hours by Streptococcus 
viridans, Streptococcus faecalis, Streptococcus lactis, Escherichia coli, Aerobacter 
aerogenes, and Proteus vulgaris, and in 48 hours by Staphylococcus aureus and 
Pseudomonas aeruginosa. Moderate growth occurred in the presence of Micro- 
coccus ietragenus, Sarcina lutea, and Bacillus subtilis. These investigators and 
Morgan (1946) were successful in freeing trichomonad cultures of most con- 
taminating bacteria by the use of penicillin and streptomycin. 

MATERIALS AND METHODS 

Culture medium. The culture medium employed was a modification of Schnei- 
der’s (1942) citrate medium. This medium has proved to be very satisfactory 
for the growth of T. foetus and all of the bacteria studied in this work. 

Schneider’s modified medium was prepared in 2 portions: slant and super- 
natant. A citrate solution was first made and is of the following composition: 
sodium chloride, 5 g; magnesium sulfate, 0.2 g; ammonium phosphate (mono- 
basic), 1 g; potassium phosphate (dibasic), 1 g; sodium citrate, 2 g; glucose, 
10 g; and distilled water to 1,000 ml. 

The slant portion of the medium was. then prepared. Six fresh eggs were 
thoroughly mixed with 60 ml of citrated bovine blood and 75 ml of the citrate 
solution by agitation in a flask containing glass beads. This suspension was 
then filtered through cheese cloth, and 2.5-ml portions were tubed in 16 -nini 
test tubes. The tubes were slanted and inspissated in an autoclave for 5 to 
10 minutes. Air was not evacuated from the chamber during inspissation. 
When carefully done, smooth gUstening slants resulted. 

To prepare the liquid supernatant, 500 ml of the citrate solution were added 
to 50 ml of bovine serum, 8 ml of hematin solution (50 mg in 20 ml of distilled 
water), and 0.5 ml of a 1.6 per cent aqueous solution of bromcresol purple- 
This solution was then filtered through a double thickness of coarse filter paper 
and 5 ml were added to each slanted tube. The tubes were plugged with cotton, 
autoclaved for 30 minutes at 15 pounds’ pressure, and stored in the refrigerator 
until used. The final pH of the medium was approximately 7.0 to 7.2 

Organisms employed. The trichomonad employed in these studies was strain 
“BR”, which was routinely maintained in the laboratory. It was originJiiy 
isolated by Morgan and Wisnicky (1942) from a cow suffering from a tricho- 
monad pyometra and has since been kept in pure culture on the modified Schnei 
der’s medium. 
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Cultures of Corynebadetium hofmannii, Corynebaderium xerosis, Coryne- 
baderiwn di-phtheriae, Slrepiococcus liemolyticus, Streptococcus salivarius. Vi- 
brio comma, Neisseria caiarrhalis, Staphylococcus aureus. Staphylococcus albus. 
Shigella dysenteriae, and Shigella paradysenleriae were kindly supplied by the 
Department of Medical Bacteriology, Medical School, University of Wisconsin. 

Corynebaderium renale (atypical; this diphtheroid would not ferment glucose), 
C. pyogenes, Streptococcus bovis (5 strains). Streptococcus faecalis (2 strains), 
Aerobacter aerogenes, and Escherichia coli, all recently isolated from bovine 
pyometras, were obtained from the Department of Veterinary Science, College 
of Agriculture, University of Wisconsin. Brucella abortus (strain 19) was also 
supplied by tliis department. 

Through the lundness of the Department of Agricultural Bacteriology, Col- 
lege of Agriculture, University of Wisconsin, cultures of Pseudomonas aeru- 
ginosa, Badllus subtilis, and Corynebaderium equi were obtained. 

. An unidentified Sarcina was isolated by the writers from a sheath swab of 
an apparently normal bull used in an artificial insemination ring. This organism 
was nonmotile, gram-negative, did not liquefy gelatin or Loeffler’s blocd serum, 
fermented glucose, and formed a deep yellow pigment. Corynebacteria cul- 
tures 714, I54SH, 49, and RIDG5, and strains 161SH and 152SH of Coryne- 
bacterium renale were isolated by Morgan et al. (1946) from sheath swabs 
of apparently normal breeding bulls. Cultures B-1, B-2, and B-3 of diphthe- 
roids were recovered by Morgan et al. (1946) from the seminal vesicle of a 
bull infected ivith T. foetus. 

Determination of growth rates. The counting of T. foetus in the various cultures 
inoculated was accomplished ivith a Levy-Hausser hemocytometer counting 
chamber. The culture tubes were carefully rotated and samples withdrawn 
aseptically ivith a 6-mm ivire loop. 

All cultures in this work were incubated at 37 C. An inoculum of approxi- 
mately 50,000 active flagellates per tube was standard throughout this study. 
Contamination was guarded against constantly and tested for periodically by 
the examination of films stained with Loeffler’s methylene blue. Contaminated 
cultures were discarded and replaced by others in order to keep the series con- 
stant for direct comparisons. Tubes of freshly prepared uninoculated media 
were incubated for 24 hours at 37 C and examined for bacterial growth as an 
added precaution against contamination. 

Before study of the effect of various bacteria, bacterial filtrates, and heat- 
killed bacterial cultures on the growth of this trichomonad, the normal growth 
rate of T. foetus employing a constant inoculum in a constant quantity of medium 
was determined. A total of 178 replicate cultures were counted to establish 
the normal growth curve of T. foetus. 

In the experiments utiUzing live bacteria, 5 tubes of Schneider’s medium 
Were inoculated simultaneously with trichomonads and a loop of a 24-hour 
bacterial culture was grown in the same medium. Brucella abortus (strain 19) 
and C. renale (strain 152SH) were incubated for 48 hours before inoculation 
since 24 hours was not sufficient to permit adequate growth. 

Studies with killed bacteria were made on 24-hoiu’ cultures which were grown 
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in Selmeider’s medium and heat-killed in a 60 C water bath for 1 hour, Aftei 
cooling, 5 tubes of the heat-killed cultures were inoculated with T. foelus for 
each species of bacteria tested. The effect of killed bacteria on the growth 
of this trichomonad was determined with the following bacteria: C. remit 
(atypical), C. 'pyogenes, C. hofmannii, C. xerosis, C. diphtheriae, Slreptocccm 
hemolyiicus, S. salivarius, S. boois (5 strains), S. faecalis (2 strains), V. comm, 
Neisseria catarrhalis. Staphylococcus aureus, S. albas, Shigella dysenteriae, S. paro- 
dy senieriae, A. aerogenes, and E. coli. 

Seitz filtrates of 24-hour bacterial cultures were prepared from the liquid 
portion of Schneider's medium. These filtrates were aseptically pipetted into 
tubes containing only the inspissated blood-egg slant and inoculated with f, 
foetus. Five such tubes were inoculated for each species of bacterium studied. 
Filtrates were made from the following bacteria: C. renale (atypical), C. hoj- 
mannii, C. xerosis, C. diphtheriae, S. bouis (strains 2 and 4), S. faecalis (strain 1), 
S. hemolyticus, S. salivarius, Shigella dysenteriae. Shigella paradysenieriae, 
Neisseria catarrhalis, and E. coli. 

The change in pH of the medium in which the control cultures were grown 
was determined with quinhydrone (Leeds and Northrup) and glass electrode 
(Coleman) potentiometers. Cultures other than the controls were not checked 
potentiometrically for pH changes. A qualitative pH trend was noted by ob- 
servation of a color change in the indicator bromcresol purple. 


RESULTS 


Control cultures. The growth curve derived from multiplication of T.fodw 
in pure culture employing an inoculum of 50,000 organisms in 5 ml of medium 
was obtained from 2,487 counts on 178 cultures and can be noted in 
1 to 6. An initial stationary phase and a lag phase were not evident. Appar* 
ently, the flagellate began logarithmic growth at the time of inoculation and 
continued in this phase for approximately 72 hours of incubation. The tn- 
chomonads multiplied at a decreased rate from 72 to 92 hours, and from 9-- 
to 108 hours the flagellates had reached their maximum stationary growth phase- 
The peak of growth was attained in 100 hours, at which time the direct coun 
was approximately 3.5 million organisms per ml. The period from 108 to 1 
hours might be considered the phase of accelerated death, and the period from 
144 to 216 hours the logarithmic death phase. After 216 hours, the numbers 
of trichomonads decreased very rapidly until none could be counted ai 
240 hours of incubation. 

The initial pH of 7.2 was gradually reduced to a final pH of 5.18. J 
pH change was most rapid from 36 hours to 144 hours. After 144 hours 
pH decreased from 5.4 to 5.18. . 

Corynebdcteria. Figure 1 shows the effect of six species of 
on the development of T. foetus in vitro. Nine cultures of diphtheroids iso 
from the genital tract of bulls were tested for their effect on the growt 
of t.liis trichomonad, and the results are represented in figures 2 and 3. 

The most striking point concerning figure 1 is the extreme prolongation 



24 43 72 96 120 144 168 192 216 240 264 

HOURS OF INCUBATION (37 C) 

Fig. 2. Gbowth op Trichomonas foetos with Various Diphtheroids Isolated 
FROM THE Genital Tract op Bulls 

life afforded T. foetus when grown in association with C. equi. This neces- 
sitated the use of a different horizontal scale from that used to construct the 
other five graphs. In the presence of C. equi the trichomonads reached their 
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peak , of growth in 100 hours, as did the control cultures, but this peak was 
approximately 14 million organisms per ml as compared to the peak of 3.5 
million reached by the control. One of the former replicate cultures attained 
a peak of approximately 18 million per ml. The longevity of T. foetus was ex- 
tended from 240 to 528 hours by C. equi. With C. renale, C. hofmamii, and 
C. xerosis^ growth of the trichomonads was initially accelerated for but a brief 
time. The peak of growth of trichomonads was reached in 88 hours with C. 
renale and C. hofmannii and in 62 hours with C. xerosis; death occurred in 202, 
160, and 136 hours, respectively. C. pyogenes and C. diphtlieriae were decidedly 
inhibitive of trichomonad growth. Both moved the peak of trichomonad ac- 
tivity to the left at 48 hours, and the death of the trichomonads occurred in 



Fig. 3. Growth op Trichomonas foetus with Various Diphtheroids Isolated 
FROM THE Genital Tract op Bulls 


110 hours with C. pyogenes and in 88 hours with C. diphtherias. With the e.x- 
ception of C. equi, none of the species of Corynebacterium in figure 1 allowe 
T. foetus to attain a peak of growth as high as the control cultures. 

In figures 2 and 3, diphtheroids are, represented which were recovered m * 
previous study (Morgan et al., 1946) from sheath swabs of clinically normal bu s 
with the exception of cultures B-1, B-2, and B-3, which were isolated from t e 
seminal vesicle of a trichomonad-infected bull. Only two cultures, 152oH an 
161SH, were identified; these were strains of C. renale. All of the dip^^ 
theroids accelerated multiplication of T. foetus, whereas 3 of them, B-1, B-2, an 
B-3, did not permit so high a peak of growth as was reached by the ^ ’ 
Most of the diphtheroids shifted the peak of trichomonad growth from 10 
72 hours. One of the diphtheroids, B-1, was interesting in that it maintaine 
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maximum stationary phase of trichomonad growth from 72 to 132 hours as com- 
pared to the range of 92 to 108 hours maintained by the control. Death of the 
flagellates occurred in 192, 216, and 264 hours with cultures 152SH, 49, and B-1, 
respectively. The other diphtheroids approximated the control in that activity 
of T. foetus subsided in about 240 hours. 

Streptococci. Figure 4 indicates that in general the 10 streptococci studied are 
inhibitive to the multiplication of T. foetus. Only <8. bovis (strain 5) gave any accel- 
leration to the growth of the flagellates beyond that of the control growth curve, 
but this was short-lived with death resulting in 88 hours. S. pyogenes permitted 
longer survival of T. foetus than did other streptococci, but there was no accel- 



Fig. 4. Growth of Trichomonas foetus with Various Species of Streptococci 

leration of growth over that by the control. The peak of growth was not so 
high as that of the control, and death resulted in 202 hours. 

It is interesting to note the variation among the strains of streptococci. 
Strains 2 and 4 of jS.boufswerevery similar. Strain 3 caused death of the tricho- 
monads in 36 hours, strains 1, 2, and 4 in 48 hours, and strain 5 in 88 hours. No 
acceleration of growth of T. foetus occurred with strains 1 and 3 of S. bovis, 
since the numbers of trichomonads decreased from the time of inoculation. 
Two strains of S. faecalis were inhibitory in their action on T . foetus. Strain 1 
of S. faecalis produced death of the trichomonads in less than 62 hours and strain 
2 in less than 88 hours, whereas Williams and Plastridge (1946), using a smaller 
inoculum, found that T. foetus did not survive so long as 24 hours with S. faecalis. 

Miscellaneous bacteria. The results of tests on miscellaneous bacteria are 
shown in figures 5 and 6. Growth of trichomonads with B. subtilis, P. aerugi- 
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Fio. 5. Gbowth of Trichomonas foetus with Various Species op Bacteria 



Fig. 6. Growth op Trichomonas foetus with Various Species op Bacteria 

nosa, Brucella abortus (strain 19), and Sardna sp. was accelerated, N. catarrhal^ 
slightly inhibited T. foetus. The peak of growth reached by T. foetus when 
growing -with these cultures was equal to or, in most cases, greater than that o 
the control. Death of T. foetus occurred later (260 hours) than with the contro 
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only with Sarcina sp. Williams and Plastridge (1946) obtained somewhat 
different results with P. aeruginosa. They found that with a small inoculum 
T, foetus was killed within 48 hours when cultured with this bacterium. 

The enteric group of bacteria, E. coli, A. aerogenes, Shigella dysenteriae, and 
Shigella paradysenteriae, and 2 species of staphylococci (S. aureus and S. albus) 
greatly inhibited the growth of T. foetus. The longevity of the trichomonads did 
not extend beyond 88 hours mth any of these bacteria. T. foetus lived up to 48 
hours with E. coli and A. aerogenes, whereas Williams and Plasteridge (1946), 
using a smaller inoculum, found these bacteria to kill trichomonads in less than 
24 hours. These investigators also found S. aureus to kill trichomonads in less 
than 48 hours as compared to the 88-hour limit shown in these results. 

Brucella abortus (strain 19) stimulated the growth of the trichomonads to as 
great a degree as any of the bacteria studied. When cultured in the presence of 
this bacterium, T. foetus reached a peak of over 11 million organisms per ml at 
72 hours. However, the numbers of trichomonads declined rapidly thereafter 
until none could be found at 192 hours. 

When grown with V, comma, the trichomonads showed a very slight initial 
groivth acceleration over that of the control, but after 48 hours’ incubation the 
growth curve stayed below the control, and the death of T. foetus occurred within 
180 hours. 

Growth of T. foetus with filtrates of bacterial cultures and heat-killed bacterial 
cultures. The development of T. foetus in association with various bacterial 
filtrates was essentially the same as that found with hving bacteria. Tricho- 
monad development in media containing heat-killed bacteria paralleled that 
already discussed for living bacteria and bacterial filtrates, with the exception of 
3 species. With heat-killed C. xerosis cultures, growth was arrested some 20s 
hours later than in live cultures of this corynebacterium. Again, the maximuirii 
number of organisms did not reach that found in the bacteria-free control tubes. 
A slight prolongation of growth of T. foetus occurred in heat-killed cultures of S. 
pyogenes and V. comma. 


DISCUSSION 

The factors resulting in acceleration and inhibition of the growth of T. foetus 
with various bacterial cultures, filtrates, and heat-killed suspensions are not 
completely understood. A change in the hydrogen ion concentration of the 
medium may play a part, and, since the medium contains glucose, a higher acidity 
in general results from those bacteria capable of fermenting this monosaccharide 
than from those that do not. All of the bacteria that produced an inhibition of 
growth of the flagellate fermented glucose. However, some of the bacteria 
that accelerated the development of T. foetus also fermented glucose. T. foetus 
is capable of withstanding an extremely wide acid pH range (Morgan and Camp- 
bell, 1945), but, with certain rapidly growing bacteria, it may not be able to 
adjust itself to sudden pH reductions. 

The exotoxin-producing bacteria were inhibitory to T. foetus without e.xception. 
The bacteria that killed trichomonads the quickest were not necessarily toxin 
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producers since .A.'oerofireRes and E. coli were more inhibitory than any bacterium 
studied ndth the exception of S. bovis (strain 3). 

Since bacterial filtrates were comparable to living bacterial cultures in action 
upon T. foetus, it mig ht be expected that the heat-killed toxin-producing species 
would, as a result of inactivating thermolabile toxins, affect the growth of the 
trichomonads in a different manner. Ho^vever, there is some doubt that the 
heat treatment of 1 hour at 60 C was sufficient to destroy these toxins since, in 
most cases, there was such slight difference between the growth of T. foetus with 
liidng and heat-killed cultures of toxin-producing species. There appears to be 
little e\ddence from these results concerning the role of toxin production and 
its effect on the viability of T. foetus. 

Some bacteria perhaps release valuable food products that would be un- 
available to the trichomonads in pure culture. This may be the reason for the 
extreme prolongation of life of T. foetus by C. equi (figurel). The unusual action 
by C. equi may be attributed to the release of growth factors contained in the 
blood-egg portion of the modified Schneider’s medimn used in these studies. 
Unlike any of the other bacteria, C. equi caused an almost complete disintegration 
of the slant. 

The diphtheroids (figures 2 and 3) were more consistently accelerative in their 
action upon T. foetus than any other group represented in this research. These 
organisms are common inhabitants of the uro-genital tract of cattle and are 
found frequently in close association with T. foetus in vivo (Morgan et al., 1946). 
These organisms may play a part in the establishment of bovine genital tricho- 
moniasis. 

It seems that the action of various bacteria upon the gro\vth of T./oelus 
involves three factors, namely, change in the hydrogen ion concentration, toxin 
production, and enzymatic release of growth substances in the medium which 
would be otherwise unavailable to the trichomonads. 

SUMMARY 

Certain bacteria have been found to accelerate and others to inhibit the growth 
in vitro of Trichomonas foetus as determined by direct microscopic counts of the 
trichomonads xUth a hemocytometer. 

Bacteria that definitely inhibited the growth of T. foetus were Corynehacleriura 
diphtherias, Corynebacterium pyogenes, Corynebacterium xerosis. Staphylococcus 
albus. Staphylococcus aureus. Streptococcus bovis (five strains). Streptococcus 
faecalis (two strains). Streptococcus salivarius, Streptococcus hemolyticus, Shigct 
dysentariae. Shigella parody senteriae, Escherichia coli, and Aerobacter aerogcM^- 

Those species that only slightly inhibited the growth of this flagellate 
Vibrio comma. Neisseria catarrhalis. Streptococcus pyogenes, Corynehacleriuiu 
hofmannii, and Corynebacterium renale. Bacteria that had no pronounced ene 
on the growth of T. foetus or which slightly accelerated the multiplication of t ' 
microorganism were Bacillus subtilis. Pseudomonas aeruginose, Sarcina sp., 
nine cultures of diphtheroids isolated from the genital tract of clinically nor 
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breeding bulls. Brucella abortus (strain 19) induced very rapid multiplication 
of the trichomonads but did not permit so long a survival time as the control 
cultures. One species, Conjnehacterittm equi, was outstanding in that it pro- 
longed the life of T. foetus some 288 hours beyond the 240-hour limit of pure 
cultures of this trichomonad. 

Bacterial filtrates and heat-killed cultures that were tested affected tricho- 
monad growth in a manner comparable to the corresponding living bacteria 
cultured with 2\ foetus. 

The probable nature of these accelerations and inhibitions has been discussed. 
It is believed that there are three main factors to be considered: (1) a change 
in the hydrogen ion concentration of the culture medium, (2) toxin production, 
and (3) release of additional nutrients favorable to trichomonad development. 
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The phenomenon of extracellular starch production by capsulated yeasts has 
been briefly described in an earlier note (Aschner, Mager, and Leibowitz, 1945). 
In the present communication biological aspects of the production of starchlike 
substances and of a soluble capsule substance by yeast are investigated. 

irATERIALS AND JIETHOD 

The taxonomic nomenclature of Stelhng-Dekker (1931) and Lodder (1934) is 
used throughout the paper. The yeast strains vere derived partly from the stock 
of the Department of Bacteriology and Hygiene of the Hebrew University and 
partly from the following type culture collections: National Type Culture 
Collection, London; American Type Culture Collection, Washington; and the 
Centraalbureau voor Schimmelcultures, Yeast Division, Delft.^ Several yeast 
strains were kindly provided by Dr. R. Benham, Columbia University, New 
York. 

Nitrogen and carbon utilization was examined by the auxanographic method 
of Beijerinck (1889). An auxanographic procedure was also used to determine 
the vitamin requirements. Drops of solutions of vitamins were placed by means 
of a bacteriological loop on the surface of a solid medium containing KHaPOi, 
0.1 per cent; MgS04,0.05 per cent; glucose, 1 per cent; and (NH 4 ) 2 SO 4 , 0.1 per cent 
or its equivalent of norit-adsorbed acid hydrolyzate of casein. Circumscribed 
gro^vth around the spot of deposition of the vitamin drop indicates a positive 
reponse to the vitamin. The diameter of the growth field is roughly proportional 
to the concentration of the vitamin in the drop (figure 1).^ In some instances 
nitrate assimilation was examined by growing the yeast on a medium composed 
as described above but vdth 0.1 per cent ICNOs as the sole source of nitrogen. 
After a growth period of 2 to 4 days the Griess-Ilosway reagent for nitrite was 
poured on the culture plate. Good growth on nitrate medium was alwa 5 '^s accom- 
panied by a positive nitrite reaction. 

CONDITIONS OF ST.IRCH PRODUCTION 

Most of the work on the conditions governing the appearance of starch (or 
starchlike substance) was done with a strain isolated from the air at Jerusalem 
and identified as Torulopsis rotundaia. 

The yeast was inoculated into various nutrient media and the appearance of 
starch or starchlike material was determined by the addition of Lugol’s iodine 

^ We are indebted to Dr. J. Lodder for valuable suggestions in the choice of strains. 

* The authors are indebted to Miss L. Bichowsky for her collaboration in the development 
jf this method. 
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solution. Starch failed to appear when the yeast was cultivated on peptoae 
glucose agar, although this medium supported a luxuriant growth. On a peptone- 
free medium containing ammonium sulfate as the source of nitrogen and gluco,^ 
as the source of carbon, the growth of the yeast was very poor and there was no 
starch production. When, however, the same medium was enriched by fte 
addition of a small quantity of yeast or meat extract, normal growth mtli 
abundant formation of starch Avas achieved. Other ammonium salts such a; 
ammonium chloride or ammonium phosphate maintained an equally ricligionili 
and good starch production. When the ammonium salts Avere replaced by a 
nitrate salt, such as potassium nitrate, and supplemented Avith yeast extract, tte 



Fig. 1. A Aat.-vmin Auxanogr.iai 

Growth response of Ehodotorula sp. to different concentrations of thiamine (0.001 1*' 
micrograms per 1 ml). 


groAvth AA^as even more luxuriant but no starch could be detected in the culb'^ 
With ammonium nitrate good starch formation Avas obtained, but in tins cj- 
ammonium and not nitrate AA-as the chief ion assimilated. 

In the hght of these results it seemed probable that the production of 
is govei’ned, under conditions for good groAvth, by the source of nitrogen supi ^ 
Subsequently, hoAvever, it AA’as found that the primary essential conditwo^ 
the production of starch is a shift of the pH of the medium during gro«t ‘ 
Amlue beloAV pH 5. When T. rotundata groAvs on ammonium sulfate, it , i 
ammonium cation and releases sulfate anion. Thus, a shift of pH from , 
produced, at Avhich point groAvth itself is checked. If acidification is pr® 
by the addition of calcium carbonate, the production of starch is suppr^- 
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When either peptone or nitrate salts or casein hydrolyzate served as a source of 
aitrogen, acidification did not occur and starch therefore was not formed. On 
the other hand, when the yeast was cultivated on a medium containing casein 
bydrolyzate that was buffered at pH 3 to 4 with Mcllvain buffer solution, starch 
production could be demonstrated. The starch reaction was weak because the 
buffering power was insufficient to maintain a constant pH below 4, and soon a 
shift into the alkaUne range occurred. 


EXPEHIJIENT WITH RESTING CELLS 

It could be argued that the seeming dependence of extracellular starch for- 
mation on growth is only secondary and a result of acidification of the medium 
in the course of anabolic processes. In order to clear up this question the following 
experiment was made : 

Yeast cells harvested from peptone agar cultures (in which no starch pro- 
duction occurs) and thoroughly washed with distilled water were added in thick 
suspension to a series of tubes containing 1 per cent glucose, thiamine, and Mcll- 
vain’s citric acid, phosphate buffer. The buffer solutions ranged in steps of 
0.5 from pH 3.6 to pH 6. Daily small samples were taken and tested with 
Lugol’s iodine solution for starch. No starch production was observed even after 
an incubation period of 2 weeks. 

The negative outcome of the resting cells experiment demonstrates clearly 
that the phenomenon of starch production is intimately bound to active cell 
proliferation. Starch production by T. rolundaia depends on good growth and 
the concurrent lowering of the pH to below 5. 


PRODUCTION OF STARCH IN SYNTHETIC CULTURE JIEDIA 

To obtain information concerning the accessory factors needed by T. rotundata 
we made up a synthetic medium composed as follows: (NH«)2S04, 0.1 per cent; 
KH2PO4, 0.1 per cent; MgS04, 0.05 per cent; glucose, 1 per cent; and agar, 2.5 
per cent. On this basal medium the following mixture of vitamins was tested 
by the auxanographic method: 


Riboflavin 20 

Nicotinic acid 25 

m-Inositol 100 

Pimelic acid 10 

p-Aminobenzoic acid 20 


The concentrations are given as mi 


Calcium pantothenate 20 

Pyridoxine hydrochloride 20 

Cholin chloride 100 

Biotin 5 

Thiamine hydrochloride 20 

IS per ml. 


The growth of T. rotundata on this medium was as good as that on a similar 
nedium containing, instead of vitamin mixture, a yeast or meat extract or tomato 
uice. The production of starch on the synthetic medium was even more 
orofuse than in the extract-containing media. 

: By a procedure of elimination it was found that the only vitamin required for 
,;ood growth is thiamine. A concentration of 0.2 pg per ml was enough to 
'upport optimum growth after 2 days’ incubation at 30 C. 

In a hquid medium of the same nutrient composition the growth was very slow 
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and starch made its appearance only after a period of about 2 weeks’ incubation. 
As T. roiundata is a nonfermenting yeast udth a pronounced oxidative meta- 
bolism, it was reasonable to assume that the limiting factor in the liquid medima 
is the supply of oxygen. This assumption was verified by a growth experimer’ 
in which the same hquid medium was used but vigorous aeration by constac 
shaking or bubbling of air was apphed. Under these conditions growth m 
again rapid and profuse, and the starch reaction was positive at the end of 1 1 
2 days of growth. 

aiORPHOLOGIC.AL OBSERVATIONS ON THE APPEARANCE 
OF STARCH IN CULTURES O.F T. ROTUNDATA 

Cells of T. roiundata from 3- to 5-day cultures on peptone glucose agar appears 
in the microscopic field either round or oval, with regular edges and conspicuoii 
capsules. When ammonium sulfate agar cultures were examined microscopicallj 
after the same period of growth, they presented an entirely different picture 
Most of the cells were distended and of irregular outlines, sometimes almts: 
ameboid. The capsule was partly detached from the cell wall and the protoplasE 
shiTinken. In manj'- cells the capsule was niptured at one point and seemed as i 
about to be shed. With the addition of a drop of Lugol’s iodine solution, tb 
starch or starchhke material could be seen accumulated in the capsule or in tb 
form of veiy small granules outside the cells. No traces of starch but inclusion 
staining brown with iodine, as does gljmogen, ivere visible within the protoplast. 
Some starch was obviously also dissolved in the culture medium as is shomi bj 
the fact that the cell-free supernatant gave an intense blue coloration with iodki 
after centrifugation. 


SPECIFICITY OF SUBSTR.VTB 

The dependence of starch elaboration on the structure of the carbon source"-' 
tested in the medium described above by the addition of various organic com- 
pounds in the place of glucose (table 1). 

As may be concluded from table 1, compounds which permit growth anci acid 
cation of the culture medium serve also as substrates for starch production, 
is interesting to note that, as in the case of Saccharomyces, none of the phospto^ 
esters which are intermediaries of glycolysis is assimilated. In addition, a strJ 
of the pathogenic Toi'vlopsis neoformans was examined as to its ability to u i^^^^ 
the various carbon sources as substrates for starch production. Essentiall} t - 
same results w-ere obtained as wdth T. roiundata. 

INFLUENCE OF SUG-VR CONCENTRATION ON GROWT'H .VND 
ST.VRCH PRODUCTION BY T. ROTUND.VT.V 

Since we intended to isolate the starch from the culture medium for a , 
its chemical properties, it appeared important to study the influence o - 
concentration on the starch yield. This wms done by cultivating t 
in constantly shaken hquid media containing increasing amounts o ° 
After 48 hours of incubation the amount of growth and of extracellular = 
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produced in the various sugar concentrations was determined photometrically. 
The concentration of starch in the medium was determined by measuring the 
extinction value of the blue color obtained by the addition of 0.1 ml iodine 

TABLE 1 


Suilabililtj of various carbon sources for growth and starch ■production 


CARBON SOURCE 

GROWTH 

STARCH PRODUCTION 

Glucose 

: -1- 

-b 

Mannose 

-b 

-b 

Galactose 

- 

- 

Fructose 

+ 

-b 

Sorbose 


— 

d-Xylose 

+ 

+ 

Z-Arabinose 

+ 

-b 

(Z-Arabinose 

— 

- 

d-Lyxose 

— 

— 

d-Ribose 

— 

— 

Z-Rhamnose 

+ 

-b 

Mannitol 

+ 

-b 

Sorbitol 

+ 

-b 

Adonitol 

— 

— 

Erythritol 

- 

— 

Glycerol 

± 

± 

Inositol 

+ 

+ 

Lactose 

— 

— 

Sucrose 

+ 

-b 

Maltose 

+ 

+ 

Metbyl-a-glucoside 

+ 

+ 

Cellobiose 

+ 

-b 

Melibiose 

+ 

— 

Trehalose 

— 

— 

Rafiinose 

± 

± 

Glycogen 

- 

— 

Soluble starch 

— 

— 

Levan 

— 

— 

Dextran 

— 

— 

Lichenin 

— 

— 

Inulin 

— 

— 

Cori ester 

_ 

— 

Neuberg ester 

— 

— 

He.xose diphosphate 

- 

— 

Calcium gluconate 

-f" 

— 

Peptone (sole source of C and N) 

± 



solution (n/100) to a 5-ml sample of cell-free culture medium. At the same time 
colorimetric determinations of pH were made in the cultures. 

Graph 1 shows that the optimum of growth is attained at a sugar concentration 
of 0.5 to 0.8 per cent. The starch production curve runs parallel to the gro^vth 
curve but shows in the range of inhibitory glucose concentrations a steeper decline. 
The optimum peak is therefore sharper. The lowest pH value coincides mth 
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the optimum of growth and starch production. In this case about 1 per cent 
of the glucose is converted to starch (graph 1). 

BIOLOGICAL SPECIFICITY OP THE PHENOMENON OP STARCH FORMATION 

After conditions which are necessary for the elaboration of extracellular starch 
by T. rotundata had been estabhshed, ive examined a large number of yeast species, 
representing widely different taxonomic groups, for the abihty to produce starch 
or starchlike substances. The tests ivere performed on the solid medium already 
described by seeding the yeasts on sectors of the agar plate and testing the agar 
beneath the growth streak with iodine for starch. Instead of thiamine only 



Graph 1. Influence of Sugar Concentration on Growth, pH, and Starch 
Production in Cultures of T. rotundata 

In the photometric values given, 10 denotes total extinction. Determinations were nu'l 
after 48 hours of incubation at 30 C. 

the mixture of vitamins was added to the culture medium. Under these condi 
tions all our strains, even those described in the hterature as incapable of utilizmj 
(NH 4 ) 2 S 04 , e.g., Toridopsis molischiana, proved capable of cultivation of ani 
monium sulfate agar. As may be seen in table 2, abihty to produce starch i 
restricted exclusively to capsulated nonfermenting and nonsporulating yeast= 
including pathogenic as well as nonpathogenic species. 

Minor differences in the amount of starch produced and in the rapidiU 
appearance could be observed. In some strains the starch reaction was percep 
tible only after a week’s incubation. In general, starch production seeme ' 
be correlated vdth the ease of assimilation of (NH«) 2 S 04 and with the rate o 1 1 
acidification of the medium. 


1947] 


BIOLOGICAL STUDIES OX C.APSULATED TEASTS 


269 


PEESEXCE IX CULTURES OF C-APSUI_\.TED TE.A5TS OF A SOLUBLE 
POLYSACCH.UUDE OTHER TH.AX ST.ARCH 

In oiir preliminan" note we mentioned that extracellular starch appears always 
in association -n-ith another polysaccharidic component which exhibits properties 
entirely different from the starch fraction. A polysaccharidic material which 
does not stain blue \^Tth iodine has been separated by alcohol precipitation from 
cultures of capsiilated yeasts grown tmder conditions m which starch production 


T.ABLE 2 

Starch production by carious yeasts 


aX.ViCS-NZG.^.TTVX STiUNS 


Candida albicans 

Torulopsis albida 

Debaryomyces kloeckeri (2 strains) 

Torulopsis di'luens 

Debaryomyces matruckoii (4 strains) 

T orulopsis jiacescer.s 

Geotrichum dermatitidis (2 strains) 

Torulopsis innocua 

Hansenula sp. 

Torulopsis laurentii 

Kloeckera sp. 

T orulo psis 1 i quefcciens 

ilyco^lerma sp. 

Torulopsis lutecla 

Mycotorula sp. (3 strains) 

Torulopsis mucorugosa 

Pichia sp. 

Torulopsis r.adacnsis 

Pityrosporum ocale 

Torulopsis neoformans (16 strains) 

Rhodotorula mucilaginosa 

Torulopsis rotundata <2 strains) 

Rhodotorula bronchialis 

Saccharomyces cerecisiae 

Sacckaromyces ellipsoideus (3 strains) 
Saccharomyces carlsbergensis 

Schizosaccharomyces sp. (2 strains) 

Sporobolomyces sp. 

Candida* kezeanensis 

Torulopsis Candida 

Torulopsis coUiculosa (2 strains) 

Torulopsis glabrata 

Torulopsis minor 

Torulopsis molischiana 

Torulopsis utilis (2 strains) 

Torulopsis sp. lactose-fermenting (2 strains) 
Zygosaccharomyces sp. 



* We believe that- C. heccanensis is closer to Torulopsis than to Candida and should be 
renamed Torulopsis beccanensis. 


was prevented by the use of nitrogen sources which do not allow acidincation of 
the medium (e.g., potassium nitrate, casein hydrolyzate, or urea). This soluble 
material was produced from all the carbon sources which maintained growth. In 
a chemical investigation which will be recorded elsewhere, it was revealed that 
the nonstaining substances of T. rotundata and T. ncojormaiis are largely carbo- 
hydrates. The carbohydrate fraction is made up of pentose (So per cent) and 
hexose (15 per cent). The substance is obtiously identical with the t>entose- 
containing material that appears in ammonium sulfate medium in association 
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^th starch. A positive reaction for pentose was also noted in preparations cf 
the soluble polysaccharidic substance isolated by alcohol precipitation from 
cultures of other capsulated strains: Tonilopsis neoformans (4 strains), Tom- 
lo'psis mucorugosa, Tondopsis innocua, and Tondopsis liquefaciens. Under tte 
same growth conditions no extracellular substance could be isolated from 
cultures of Saccharomyces ceremsiae, Tondopsis vtilis, or Tondopsis glabTa(a,m 
could pentose be demonstrated in their culture fluids. 


DISSOCL\TION IN T. ROTUNDATA*. CAPSULAR ORIGIN OF THE SOLUBLE SUBSmCE 


From the fact that the pentose-containing soluble substance was only found 
in cultures of capsulated 3 ’^easts it seemed to be likelj’’ that the substance is 
derii-ed from the capsule. This assumption gained strength bj'^ the finding that 
1 to 2 mg of washed dried cells of capsulated j’^easts afford a rapid and intense 
reaction for pentose with Bial’s reagent. Cells of noncapsulated j’easts also 
give a positive pentose reaction, presumablj'’ because of their nucleic acid content, 
but onlj^ if a much larger quantitj’- is used. 

In the absence of a suitable cidochemical reaction, direct eiddence in favor oi 
the foregoing hj-pothesis could not be obtained. We attempted therefore to 
isolate capsule-free variants of the j^easts in order to ascertain whether such 
variants are able to produce pentose-containing soluble substance. The absence 
of this abilitj’ in a variant devoid of the capsule structure would of course lend 
support to the hi^pothesis that this soluble substance is of capsular origin. 

Attempts to induce an S to R variation by procedures that Fabian and 
McCullough (1934) successful!}' applied to other yeast species proved unsuccess- 
ful. Incidently, however, an observation was made which enabled us to acliieve 
our objective. While examining the abihty of T. roiundata to utilize lacto;e, 
we obseiwed an auxanogi-am response peculiarly different from that shoivn to 
other sugars. Duiing an incubation period of about 2 weeks no response at all 
could be detected. Then a few small colonies began to appear in the diffusion 
field of lactose. The number of the colonies was much below the number oi 


cells originally seeded in the agar. WTien subculture of this growth on glucose 
peptone agar was attempted, two colony types grew out: (a) large, flat, rapidl} 
growing, gra}'ish and mucoid colonies; and (b) small, convex, slow gro\u^. 
dr}’--looking colonies that tended to turn brown after 10 to 14 days. In accoro- 


ance with the nomenclature adopted by Dawson (1934) for pneumococci vann- 
tions, the first t}'pe, which looked in all respects identical with the original lo^’ 
was termed the M form and the second t}'pe, the S form. On subcultunc,, 
colonies from the S phase, colonies with pronounced “rough” characteristic^ 
were obtained. The R forms were, however, unstable and tended to reicrK 
to the usual S form. iMien examined microscopically (figures 2 and 3), 

1\1 form cells presented a uniform picture of round or slightly oval cells 
three zones: a vacuolated protoplast, the cell wall, and a broad capsule. 

S form presented a cjuite different appearance. Ztlost of the S form cells 'wre 
devoid of a capsule; frequently elongated cell groups were encountered; soa. 


times, fairly well-developed pseudomyceha could be found. 
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Biochemically, the two forms differ onlj'- by the fact that whereas the S form 
grows normall}'- on lactose and galactose as sole sources of carbon, growth of 
the M form on these sugars is very poor. The two forms remained true to 
type after 14 years of cultivation on our usual glucose stock medium. The 
S form could be obtained from the M form repeatedly by the technique described. 
The reverse change from S to A! has not been observed. Thus, the lactose- 



PiG. 2. Cells of T. rotund.^ta from an M Colony. X750 



Fig. 3. T. rotundat.y in S Phase 

Only one cell shows capsule formation. Note elongated cell groups. X750 

Utilizing type appears to be the stable form, whereas the lactose-negative type 
IS able to spht off lactose-positive variants continuousljL This behatdor re- 
calls the variation pattern of Escherichia coli-mutahile. The essential identity 
of the two forms of T. rotundata was further confirmed by the fact that both 
of them produced starch under the proper conditions. However, the starch 
produced by the S form is found onlj’" in the cell walls but not in the cell-free 
supernatant of the culture. The chief point of difference is that no pentose 
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can be demonstrated in the supernatant of S form crdtures, nor can polysacdia- 
ridic substance be precipitated from the medium by alcohol. The few remaining 
capsulated cells in the S form are obrdouslj' insufficient to produce a percepti- 
ble quantity of the soluble substance. This finding is consistent with the fact 
that the S form can be readily sedimented, whereas the hi form fails to form 
a packed sediment even after very prolonged centrifugation. The results, 
therefore, confirm the mew that the soluble polysaccharidic material whicli 
does not stain udth iodine derives from the capsule. 

rUairXOLOGICAL properties of the C.VPSUL.VR ILVTERLIL OF 
T. ROTCXD.VT.V 

In order to test the serological qualities of the capsular material, two rabbits 
were immunized uith heat-lolled y^east cells, and two rabbits uitli liring ceL=. 



Fig. 4. Abscess C.wsed by T. rotvxd.\t.v ox E.yk of .c R.cbbit 
Sections stained with heniatoxylin-eosin. X30 


The injections were made initially subcutaneously, and later intrapent 
neally and intravenously at time intervals of 5 to 6 days. The injections 
continued for a period of 4 months, and the dose was successively increa--< 
until a whole agar slam culture was given in a single intravenous injectw 
In spite of this intensive treatment, no antibodies, neither agglutinins again 
the cells nor precipitins against the capsular material, could be detected' 
the end of the period. Similar results were obtained when the cells were br. 
subjected to a mild acid digestion in the cold, as advised by Benham 
IMth this method Benham obtained low titer antisera against several la] 
sulated strains. . . 

In another e.xperiment, three guinea pigs were given intraperitoneal mb'' 
tions of dead and hving yeast cells for a period of 3 weeks, at interval 
to 3 days. After a rest period of 21 days an attempt was made to elicit a- 
phylactic shock by injecting intracardially either dead cells or 100 mg of cap= 
substance. Xo signs suggestive cf an anaph 3 'lactic reaction were found. 
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A cutaneous reaction could be demonstrated in rabbits which had developed 
abscesses in the ear skin following repeated massive injections of living cells 
into the ear: when a suspension of dead yeast cells was injected into the abdom- 
inal skin of such rabbits erythema fS cm in diameter) appeared at the site 
of the injection and lasted for about 24 hours. In healthy rabbits no skin 
reaction was produced by the injection of dead cells. 

INOCULATION EXPERIMENTS WITH T. ROTUNDATA ON RABBITS 

In the usual animal tests T. rolundata proved to be nonpathogenic. IVhen 
the yeast was injected under or into the skin of the abdomen, abscesses appeared 
in a few cases but healed rapidlju On the other hand, abscesses produced on 
the ear skin persisted for months. Histological preparations showed marked 
infiltrations with mononuclear elements and scattered yeast cells (figures 4 
and 5). The yeast could still be cultured from such lesions several months 



Fig. 5. Yeast Cells in Tissue (Detail from Preparation of Figure 4). XI, 000 

after the last injection. This peculiar behavior is understandable in view of 
the inability of T. rotundata to grow at temperatures near 37 C. It is suggested 
that the yeast is able to maintain its viability for a long period of time in the 
ear skin, and to produce pathological alterations in this site, because the tem- 
perature of the ear skin of the rabbit is less than that of other parts of the body. 

DISCUSSION 

Polysaccharides which stain blue with iodine are rare outside the realm of 
green plants. One of the well-known e.xamples is the so-called granulose or 
iogen of certain clostridia of the butyricum group (Trecul, 1865). Although 
accurate data concerning the chemical composition of this substance are not 
available, it seems probable that it corresponds to a starch fraction and serves 
as a kind of reserve material. This maj^ be true also of the role of the starch 
material detected by Beijerinck (1897) in ascospores of Schizosaccharomyccs. 

In both of these instances the starchlike material is bound to the cells and 
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is never found extracellularly in the culture medium. The phenomenon we 
have described differs from the cases cited in two important points: (a) tlie 
starch accumulates only extraplasmatically, i.e., in the cell wall or in the capsule 
and in the culture medium outside the cells; and (b) the elaboration of the starch 
is limited to growth conditions which ensure production of an acid pH. In 
both these respects the starch of capsulated yeasts resembles the mold starch 
described for some species of fungi by Boas (1917) and Schmidt (1925). From 
the abilitj’^ of the yeasts to convert into starch organic compounds that differ 
widely from glucose in their chemical structure, it can be iifferred that the pro- 
duction of starch is in some way hnked to vital metabolic processes. This 
conclusion is further supported by our finding that starch production by living 
yeasts depends on active cell prohferation. The association of the phenomenon 
with abnormal conditions of growth and the microscopic appearance of tlie 
starch-containing cells suggest that the appearance of starch in the medium 
of capsulated yeasts represents a pathological deviation of the metabolism. 
The fact that this property has been found to be an exclusive characteristic 
of a group of capsulated imasts suggests that there may be some kind of inter- 
relationship between the capsule structure and the starch production. Tlie 
capsule material of all nonfermenting strains so far tested contains pentose, 
This finding, Uke other biochemical and morphological features common to 
these yeasts, points to the view that there is a close phylogenetical relationship 
between these yeasts. 

The capsular substance of T. rotimdata in contrast to most bacterial capsu- 
lar substances has been proved to be entirely devoid of immunological activity. 
This is in agreement with the suggestion of Benham (1935) that the capsular 
material is responsible for the immunological inertness of capsulated yeasts. 
It may also be that this substance is one of the determining factors of the chronic 
and usually fatal course of infection with T. neoformans. 

It appears that the pathogenicity of vmrious species of capsulated yeasts 
is a function of their optimum growth temperature (Benham,1935; Mager and 
Aschner, 1946). This assumption is supported by the results of our animal 
experiments with T. rolundata. The theory can be put forward that patlw- 
genic yeast strains are derived evolutionally from nonpathogenic ones by ^ 
mutation of a factor which determines temperature tolerance. 


SUMJLARY 

The conditions governing the elaboration of extracellular starch by capsulated 
yeasts were determined. Thirty-seven different yeast species belonging to 
15 genei’a were tested for the abihty to produce extracellular starch. H 
found that this ability is restricted to capsulated nonfermenting asporogenou- 
yeasts. , 

The growth medium of capsulated yeasts also contains, apart from ^ 
a soluble polysaccharide that does not stain blue with iodine and consists lafo^ • 
of pentose. Evidence is adduced in support of the view that this sub=t‘U‘^ 
derives from the capsule. 
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A dissociation phenomenon in Torulopsis rotundata was noted. 
Immunization attempts with the capsular substance of T. rotundata gave 
negative results. 
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scrip tions, although they suggested that these forms might be nonfruitins 
mj^obacteria of the Sporocijtophaga aud Cytophaga types, were not complete 
enough to permit a final decision without further investigation. The present 
work was accordingly started in an attempt to confirm and extend her findings, 


JLATERIALS 

Chitin was prepared from lobster shells. After decalcification with dilute 
HCl, the shells were boiled for 12 hours in 10 per cent KOH, washed, treated with 
dilute KMn 04 for 20 minutes at 60 C, washed again, suspended in a cold con- 
centrated solution of sodium bisulfite until decolorized, and dried at 80 C, 
after a final thorough washing to remove the last traces of bisulfite. The leathery 
strips of material thus produced were used without further treatment in enrich- 
ment cultures. For incorporation in agar media, a very finely divided suspen- 
sion of chitin was prepared by dissolving strips purified as above in cold 50 
per cent H 2 SO 4 and reprecipitating by rapid dilution with a 10 - to 20 -fold volume 
of water. The resulting product was freed from acid by repeated centrifuga- 
tion and washing, and kept as a sterile aqueous suspension. Material prepared 
in this way is somew'hat gelatinous and cannot be dried successfully, as it co- 
heres during drying into a hard, horny mass impossible subsequently to re- 
suspend. 

Enrichment cultures for chitin-decomposing bacteria were set up by adding 
strips of chitin to shallow layers of a dilute mineral base (KjHPOa 0.1 per cent, 
MgS04 0.05 per cent, NaCl 0.05 per cent, CaCb 0.01 per cent, FeCls 0-005 
per cent, pH 7.0 to 7.2) in Erlenmeyer flasks, which •were inoculated with soil 
or mud and incubated at 25 to 30 C. Some anaerobic enrichment cultures 
were also set up, using the same medium in completely filled glass-stoppered 
bottles, but no chitin decomposition was observed in them. 

Mineral chitin agar was prepared by the addition of agar and chitin suspension 
to the foregoing mineral base in the requisite amounts. The same mineral 
base wdth 0.1 per cent NH 4 CI was employed for testing the utilization of carbon 
compounds, ■which w'ere added in a concentration of 1.0 per cent. Utilization 
was determined by growth in comparison wdth that in an inoculated control 
not containing any carbon source. The utihzation of nitrate as a hydrogen 
acceptor \vas tested by cultivation in glass-stoppered bottles filled with a medium 
consisting of 0.5 per cent tryptone and 0.5 per cent KNO3. All other media 
were prepared in the customary maimer. 


ENRICHMENT AND ISOLATION OF CHITIN-DECOMPOSING MYXOBACTBRU 

In aerobic enrichment cultures prepared as described above, the chitin under- 
goes slow decomposition at 25 to 30 C, accompanied by the development 0 
an extremely' varied microflora consisting only in part of chitin-decomposieS 
microorganisms. Streaks from such enrichment cultures on 2 per cent agar 
plates containing the above-listed minerals, together wdth a finely diviuei 
suspension of chitin, usually reveal several eubacterial types as the mO; 
conspicuous chitin decomposers; they are for the most part pseudomona S 
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which produce small white or pale yellow colonies surrounded by cleared zones 
in which the chitin has been dissolved. Occasionally chitin-decomposing Strep- 
iomyccs spp. will be found. However, examination of such plates after 5 to 6 
days also almost invariably reveals the presence of chitin-decomposing myxo- 
bacteria, although from their inconspicuous manner of growth they can ensflj-- 
be overlooked on cursoiy examination. Sometimes the}' are the only chitin 
decomposers to develop in an enricliment culture. Their colonies consist of 
thin, translucent, pale yellow, almost colorless swarms, which spread with great 
rapidity and soon cover large areas of the plate with a thin layer of cells. Be- 
cause of their thinness, young swarms may be invisible bj’’ transmitted Ught, 
but when examined bj*^ reflected light their matt surface shows up in contrast 
to the surrounding agar. Except on old plates chitin decomposition is never 
very conspicuous, since the partial clearing which occurs beneath the swarm 
is masked bj'^ the overl3ing layer of cells, and because of the rapid e.xtension 
of the swarm there is usually not a cleared zone bejmnd its periphery. 

A number of strains were picked and purified for further studJ^ At first, 
purification was attempted by cutting out small sections of agar at the periphery 
of the swarm and transferring them to fresh chitin agar plates; but after the 
discovery that abundant growth occurred on peptone or yeast extract agar, 
more expeditious and certain purification was achieved by streaking on plates 
of these media in the customary manner. 

PROPERTIES OF THE ISOL.VTED STR.\IXS 

All the strains isolated in the manner just described have proved to be non- 
fruiting and amicrocystogenous, thus conforming to the definition of the genus 
Cytophaga. Alicrocystogenous and fruiting myxobacteria were never en- 
countered during this work, either in enrichment cultures or on plates, although 
the obseiwations of Johnson (1932) suggest that chitin decomposers with these 
morphological properties also exist. The provenance of the strains studied in 
detail is shown below'. 

Strain 1. From enrichment culture inoculated with mud; Cambridge. 

Strain 2. From enrichment culture inoculated with garden soil; Rothamsted. 

Strain 3. Same source as 2. 

Strain 4. From enrichment culture inoculated with field soil; Rothamsted. 

Strain 5. Same source as strain 4. 

Strain 6. From enrichment culture inoculated with compost; Rothamsted. 

Morphology, The vegetative structures are thin, weakly refractile rods of 
even width, with rounded ends. In young cultures (less than 18 hours) on 
favorable media, there is usually a predominance of long rods (8 to 12 /x) showing 
the marked flexibihtj’' and active creeping movements so characteristic of mj'xo- 
bacteria. For the most part, such cells are not markedlj' cuived, although a 
few may show this property, some ha^ing a shght hook at one e.xtremity. Occa- 
sional branched, Y-shaped individuals like those observed in cultures of Cy- 
tophaga columnaris by Garniobst (1945) can be found. However, in addition 
to^ these long rods veiy short, sometimes almost coccoid elements, 1 to 3 in 
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length, are also evident. In strains 1, 2, 3, and 6 these short elements become 
predominant only in cultures several days old, or on unfavorable media; in 
strains 4 and 5, however, they are alwa 3 ’^s present in appreciable numbers 
at the earliest stages of development and rapidly become the predominant or 



Fig. 1. Veget.\tive Cells of Cytoph.ig.\ johnsonae fro.m Cultures 14 Hours 

Old o.v 0.5 Per Cext Tryptone Agar . 

Fixed with osrnic acid and stained by Winogradsky’s method (1929). A. Strain 2. 
Strain 6 (var. denilrificans) . Xote the short elements in both photomicrographs. 

even e.xclusive morphological form. Inspection of cultures with a predom 
nance of short cells does not suggest that the organisms are m 3 ’.'mbacten. 
flexibilit 3 '^ is not evident, and motilit 3 " of the individual cells is hard to deteci 
the onl 3 ’^ indicative feature which remains being the weak refractility of 
cells. The picture, both in wet mounts and in stained preparations, is stront, 
suggestive of a small, nonmotile, gram-negative true bacterium. 
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A careful search of cultures on many different media failed to reveal the 
presence of microcysts. 

Growth 0)1 solid media. The manner of growth on mineral agar containing 
finely divided chitin has already been mentioned. The rapidity and extent 
of swarming on this medium can be controlled to some degree by varying the 
agar concentration. With 1.5 to 2.0 per cent agar, the whole surface of a 
streaked plate becomes covered with a thin layer of cells in 36 to 48 hours; 
however, when the concentration of agar is reduced to 1.0 per cent, surface 
spreading is greatly retarded and isolated colonies are formed (figure 2A). 
Such colonies are largely subsurface, the cells penetrating and creeping down 
through the medium. i\iter a few days the colonies become surrounded 
by well-defined clear areas of chitin dissolution, as shown in figure 2A. The 
grovdh is sunken below the surface of the medium, each colony l3dng in a shal- 
low crater (figure 2B). This is the “etching” phenomenon, previously described 
as occurring on plate cultures of cellulose-decomposing cytophagas by Stanier 
(1942) and Fuller and Norman (1943). 

When chitin-decomposing myxobacteria are streaked on nutrient agar or 
yeast extract agar with the customary concentrations of proteinaceous mate- 
rials, a radically different type of growth is obtained. The colonies are convex, 
smooth and glistening with an entire edge, and at least in the earlier stages 
of development there isxabsolutely no sign of swarming. As such plate cultures 
age, well-isolated colonies gradually increase in diameter to as much as 5 to 10 
mm, but always remain unchanged in form. On the more crowded portions of 
a streaked plate, however, slight swarming may appear after 5 to 6 days; the 
originally compact growth becomes surrounded by a small, flat, swarming 
periphery which spreads 2 to 3 mm from the main mass. This delayed 
swarming is easily overlooked, in which case there is nothing to suggest the 
myxobacterial nature of the culture. 

Further study of growth on peptone media showed that typically m}rxobac- 
terial development could be obtained, but only if the nutrient concentration 
was kept low. At a peptone concentration of 1.0 per cent or over, the primary 
development is always compact and raised with an entire edge (figure 3A). 
As the peptone concentration is dropped below 1.0 per cent, swarming becomes 
more and more evident, 0.5 per cent peptone giving rise to colonies vdth slightly 
raised center and a broad, flat, actively motile periphery (figure 3B). Finally, 
at peptone levels of 0.25 per cent or less, completely flat, rapidly spreading, al- 
most invisible swarms are produced (figure 3C). Thus colony structure in 
these organisms is not fixed, but can be changed at will by varying nutrient 
concentration from a compact, eubacterial type to a diffuse, swarming, myxo- 
bacterial manner of development. 

Agar concentration also plays a part in conditioning colony form on peptone 
media. With 1.5 to 2.0 per cent agar, there is little penetration of the medium 
at any level of peptone concentration; but with 1.0 per cent agar, provided 
that the peptone concentration is 0.5 per cent or less, growth on streaked plates 
tends to be largely subsurface and sunk below the level of the surrounding 
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nation: cells from nonswarming colonies show no signs of indi\adual flexing 
or creeping mox^ement. As a result of the inhibition of movement, colony growth 
becomes a passive phenomenon, as it is in most true bacteria, and a similar 
colon}^ stmcture is produced. The second factor influencing colony form is 
the abihty of the cells, provided that their movement is not inhibited by nu- 
trient concentration, to penetrate a weak agar gel. Cells deposited on the 
surface of a 1.0 per cent agar gel can move freely through the medium as well 
as across it, and thus colonies approach in form a hemisphere huried in the 
medium vdth its plane surface at the surface of the agar. On the other hand, 
when the agar is sufficiently fh’m to offer a barrier to the penetration of the cells, 
organisms deposited on its surface can only move out in a flat swarm, and the 
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Fig. 4. Diagbaiuiatic Cross Sections of the Three Types of Colonies 
Produced by C, johnsonae 

A. Compact type, resulting from inhibition of movement by liigh nutrient concentratioi 
B. Diffuse, rapidly swarming colony on medium with low nutrient concentration and a WJ 
gel. C. Sunken type, embedded in the substrate, on medium with a low nutrient concentL 
tion and a weak gel. 


resulting colony appro.ximates in form a plane of cells. The three possibihtif 
are shown diagrammaticallj^ in figure 4. 

Nutrient requirements and 'physiology. All strains can develop in a inincrJ 
medium containing the necessary salts together with ammonia nitrogen and . 
suitable carbon compound. The carbohydrates are the energy sources e 
preference. Heat sterilization does not render reducing sugars toxic 
Development in such simple media is rather slow and never ver 3 ’' abundant 
it can be greatl}'- accelerated by the addition of small amounts of peptone e 
j^east extract. It is possible, however, to maintain all strains indefinite!} i' 
a mineral-carboh 3 "drate medium without such additions. A wide range j 
simple carboh 3 "drates is attacked; of the polysaccharides, chitin and .itan 
are utilized b 3 ' all, cellulose and agar by"- none. Some strains, notably' 4, de'C », 
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much better on disaccharides than on their constituent monosaccharides. In 
addition to ammonia, nitrate but not nitrite can be used as a nitrogen source. 

Maximal development occurs on complex nitrogenous media, DLfco tryptone 
being particularly favorable, hlilk and peptone gelatin are rather poor sub- 
strates; this is apparently due to the high concentration of nutrients, since 
vigorous development can be obtained with diluted milk. In general, concen- 
trations of peptone and other proteinaceous materials of 1.0 per cent or over 
are deleterious, and even if, as sometimes proves the case, development is abun- 
dant, viability turns out to be poor. Thus good growth will occur on nutrient 
agar or 1.0 per cent tryptone agar, but cultures on these media are often dead 
after 2 to 3 weeks, whereas cultures on 0.25 to 0.5 per cent tryptone agar will 
remain viable for 2 months or longer. 

All strains are actively proteolytic, although this property is not evident 
on the customary media because of poor growth. On plates of plain agar con- 
taining 10 per cent milk, the growth is surrounded by wide zones of casein 
dissolution in 2 to 3 days. Bacteriolytic enzymes of the type found in many 
higher myxobacteria are absent; aU strains proved without effect when tested 
against a strain of Aerobacler aerogenes readily lysed by members of the Myxo- 
coccaceae. 

The metabolism is strictly oxidative. There are no signs of carbohydrate 
fermentation, and in the absence of nitrates development only occurs aerobi- 
cally. In the presence of nitrates, two strains can grow anaerobically, using 
nitrate as a hydrogen acceptor in the place of free oxygen. One of these (strain 
4) reduces nitrate only to nitrite, and the resulting anaerobic growth is some- 
what sparse. The other (strain 6) is an active denitrifier, which grows abun- 
lantly with nitrates under anaerobic conditions and gives rise to considerable 
5as production. 


TAXONOMIC POSITION 

It is clear that in spite of the morphological and cultural anomalies mentioned 
ibove, the strains studied are myxobacteria which belong, on the absence of 
fruiting bodies and microcysts, in the family Cytophagaceae. For reasons 
which will be made clear in the subsequent discussion I prefer to place 
them in the genus Cytophaga, although on the basis of their morphology and 
nutrient requirements, respectively, they might be assigned to either of the 
two new genera of nonfruiting myxobacteria, Promyxohacleriuni (Imsenecki 
and Solntzeva, 1945) or Flexibacter (Soriano, 1945). 

Although there are minor differences between strains in cell size, carbon 
requirements, and action on nitrates, none of the distinctions seem sufficiently 
important or well correlated to justify creation of more than one species. A 
possible exception is strain 6, with its pronounced denitrifying abilities. How- 
ever, this strain is very similar in . other respects to the remaining strains, and 
hence it seems wiser to regard it simply as a variety. Since aU strains appear 
to correspond to the nbitin decomposers described by Johnson (1932) as non- 
fruiting, amicrocystogenous myxococci, they may be appropriately grouped 
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under the designation Cytophaga johnsonae n. sp., with strain 6 as a special 
variety, var. denitrificans. The descriptions follow: 

Cytophaga johnsonae, n. sp. 

Morphology: Thin, weakly refractile rods of even width and very variable 
length, with rounded ends. Dimensions 0.2 to 0.4 by 1.5 to 15 y. Long rods 
(8 to 10 y) predominate in very young cultures on dilute media, but in most 
strains soon give place to shorter, sometimes almost coccoid, elements as cul- 
tures age. Branched cells occasionally occur in yoimg cultures. Creeping 
motility on media of suitable nutrient concentrations. Gram-negative. Cells 
do not contain volutin or fat bodies, and stain evenly with Giemsa and Wino- 
gradsky’s stains. 

Peptone agar plate: Growth smooth, glistening, translucent, butyrous, and 
bright yellow in color. The appearance of growth varies greatly with peptone 
concentration. With 0.5 per cent or less, a flat, thin, spreading, inconspicuous, 
pale yellow swarm of the characteristic myxobacterial type is formed. Witi 
higher concentrations, swarming decreases or completely disappears, and the 
colonies are raised, convex, and confined, with an entire edge. With agar 
concentrations of 1.0 per cent or less and a low nutrient concentration there is 
marked penetration of the medium with decreased lateral swarming. 

^Mineral chitin agar plate: Smooth, glistening, butyrous, translucent, pals 
yellow growth, accompanied by dissolution of the suspended chitin. Swann 
extension is extremely rapid on 2 per cent agar, but on 1 per cent agar discrete 
colonies are formed owing to penetration of the medium and decrease of surface 
swarming. Development is not as profuse as on peptone agar. 

Plain agar with 10 per cent milk: abundant, spreading growth with dissc 
lution of the casein. 

Peptone gelatin stab: Scanty growth with some strains followed by very sloi 
liquefaction. Others fail to develop. 

Liquid media (peptone water, yeast extract, mineral media with an o.ridh 
able carbohydrate): Turbidity with pronounced sUkiness. After several day 
a slimy coherent sediment is formed, and in the course of time the suspends 
cells tend to sink to the bottom, leaving the upper layers of the medium clear 
Some strains produce a pellicle. 

Milk: Very slow peptonization. One strain fails to develop. 

Peptone water with 3 per cent NaCl: No growth. 

Utilizable energy sources: Arabinose, xylose, glucose, galactose, mamn^^^ 
lactose, maltose, sucrose, cellobiose, raffinose, starch, inulin, chitin, aspamSi^ 
(aU strains). Succinate is used by three strains out of five, fumarate and nia 
late by one. Cellulose, mannitol, dulcitol, lactate, acetate, malonate, tartra-c. 
citrate, and alanine are not attacked. Proteinaceous materials can also seri 
as the energy source in the absence of carbohydrates. 

Utilizable nitrogen somrces: Nitrate, ammonia, alanine, and peptones, 
nitrite or glycine. _ ^ 

Casein hydrolyzed by all strains, gelatin by most. Bacteriolytic enzj 
not produced. 
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Catalase produced. 

Indole not formed. 

Strictly aerobic, e.xcept for one strain which can develop anaerobically to a 
slight extent in the presence of nitrate (reduced to nitrite). 

. Optimum temperature: 25, to 30 C. 

Source: Soil and mud. 

Habitat: Probably common in soil. 

Cylopliaga johnsonae var. denitrificans 

Morphology: Similar to C. johnsonae. 

Peptone agar plate: Similar to C. johnsonae. 

Mineral chitin agar plate: S imi lar to C. johnsonae, but attack on chitin 
very weak. 

Plain agar with 10 per cent milk: Similar to C. johnsonae. 

Peptone gelatin stab: Very slight growth, followed by slow liquefaction. 
Liquid media: Similar to C. johnsonae. 

Milk: Slow peptonization. 

Peptone water with 3 per cent NaCl: No growth. 

TJtilizable energy sources: Arabinose, xylose, glucose, galactose, mannose, 
maltose, sucrose (growth weak and delayed), starch, inulin (weak), chitin (weak), 
succinate, fumarate, and asparagine. Lactose, cellobiose, raflfinose, cellulose, 
mannitol, dulcitol, sorbitol, lactate, acetate, malate, malonate, tartrate, citrate, 
and alanine not attacked. 

Utilizable nitrogen sources: Same as C. johnsonae. 

Gelatin and casein hydrolyzed. Bacteriolytic enzymes not produced. 
Catalase produced. 

Indole not formed. 

Strictly aerobic except in the presence of nitrate. Can develop abundantly 
under anaerobic conditions by employing denitrification as a mechanism for 
oxidative metabolism. Such growth is accompanied by vigorous gas produc- 
tion and a transient appearance of nitrite. 

Optimum temperature: 25 to 30 C. 

Source: Compost. 

Habitat: Probably widely distributed in soil. 
differentiation op NON FRUIT ING MYXOBACTBRIA FROM ROD-SHAPED TRUE 

BACTERIA 

When the taxonomic recognition of nonfruiting myxobacteria was first pro- 
posed (Stanier, 1940), the differentiation of these organisms from rod-shaped 
true bacteria appeared fairly simple. This is still true of the microcystogenous 
forms (genus Sporocytophaga ) ; microcyst formation is a highly distinctive deve- 
lopmental process, never found in eubacteria. On the other hand, it now ap- 
pears from the work of Imsenecki and Solntzeva (1945) as well as from the 
present study that myxobacteria which exist only in the vegetative state (family 
(^ytophagaceae) may well simulate true bacteria under certain circumstances. 
The two species described by Imsenecki and Solntzeva (1945) under the 
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names Promyxobacterium flavum and P. lanceolatum were for some time regarid 
by those authors as nonsporeforming true bacteria, on account of the shortnesi 
of the cells and the, for myxobacteria, uncharacteristic manner of growth. 
CyUypliaga johnsonae, if examined solely from cultures on the customarj' coa- 
centrated media, would appear to be a short, gram-negative, nonmotile rod 
classifiable according to the system of Bergey et al. in the regrettable genua 
Flavobacterium; indeed, were it not for the fact that it originally developed on 
a special chitin medium which revealed at once the swarming growth, this 
mistake might easily have been made. In view of such findings, it seema 
possible that the ill-defined eubacterial genera which contain gram-negative, 
nonsporeforming, supposedly nonmotile (i.e., nonflagellated) rods — Baderium, 
Achromobacier, and Flavobacterium of Bergey et al . — ^may be harboring unsus- 
pected myxobacteria of the Cytophaga type which were studied under conditions 
inapt to reveal their true properties. Since the differentiation of myxobnc- 
teria from true bacteria is a matter of some practical as well as theoretical 
importance, it seems worth while to discuss, in the light of recent work, what 
is now known about the general properties of imperfect myxobacteria and to 
indicate features likely to be helpful in the recognition of these organisms. 


Morphology. The earlier concept that the cells of the cytophaga group 
slender, spindle-shaped rods with pointed ends must now be abandoned. De- 
rived from the study of the classical cellulose-decomposing species in stained 
preparations, this concept is not properly speaking true even of these organisms, 
since, as I have previously remarked (1942), when examined in the living stok 
they are rods of even width with slightly rounded ends. The same description 
applies to all other species so far studied. It is now also evident that the length 
of the cells may be extremely variable, not all species having the long, slender 
cells characteristic of the cellulose- and agar-decomposing groups. The Ino 
species described by Imsenecki and Solntzeva (1945) are almost coccoid under 
some conditions; in Cytophaga columnaris,^ of which Gamjobst (1945) has gi'on 
an admirable morphological description, very short cells occur intermingled with 
longer elements ; in Cytophaga johnsonae the cells may be long and slender or 
short and almost coccoid depending on the conditions of cultivation and the 
age of the culture. The possibility exists that in all cytophagas the basic cellm 
lar units are short, and that the length of the vegetative entities is an e-xpre^^}® 
of the degree of chain formation. In any case, there is no clear distinction 
between these organisms and rod-shaped eubacteria on the basis of cell sbn^ 
alone. Two properties of the cell are, however, very strong indications 
membership in the cytophaga group. One is marked flexibility, as shown 
the presence of irregularly curved, horseshoe-shaped, or ringed vegetati'* 
elements. This character will naturally not be evident if the cells are 
short, and even in long-celled cultures it is not invariably conspicuous. J 
other feature is the relatively weak refractility of living cytophaga cells, clue 


* The systematic position of this interesting species, an important pathogen o w ^ 
water fishes, is not entirely clear. Ordal and Rucker (19-14) have claimed discovc^^^ 
fruiting body formation in strains which appear to be similar to those studied by wnr ‘ 
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the absence of a cell wall. Imsenceki and Solntzeva (1945) suggest that this 
is less marked in short-celled types, but it has proved a constant feature in all 
the species that I have examined. As far as staining reactions are concerned, 
it may be noted that all members of the c5’^tophaga group are gram-negative. 
Some species have a tendency to stain rather poorly with basic aniline dyes, 
but this is not universally true. With the exception of the microcystogenous 
species during the process of microcyst formation (Ivi'zemieniewska, 1930), 
the cytophagas do not show discrete chromatinic structures when stained by 
ordinary methods. This has been interpreted by Imsenecld and Solntzeva 
(1945) as indicating that the chromatinic material is diffuse, a feature which 
in their opinion serves as a link with the true bacteria, in supposed contrast 
to the higher myxobacteria w'hich have discrete chromatinic structures. It 
may be remarked that in all eubacteria so far properly examined discrete chro- 
matinic structures have been found, although they are rarely demonstrable 
by direct staining with basic aniline dyes because of the strongly basophilic 
nature of the cytoplasm (cf. Robinow, 1945, for a discussion) . Since the cytol- 
ogy of the cytophaga group has not yet been investigated in detail from the 
standpoint of nuclear structure, it seems decidedly premature, in view of the 
above-mentioned findings with true bacteria, to describe the distribution of 
chromatin in them as diffuse. 

Motility. The most decisive distinguisliing property of nonfruiting myxo- 
bacteria vis-4-vis true bacteria is their nonflagellar creeping movement. So 
far, permanently immotile members of the Cytophagaceae have not been de- 
scribed, nor is it likely that they would be recognizable as such. On the other 
hand, the present work demonstrates that creeping motility is not invariably 
evidenced by organisms potentially capable of it. It thus becomes necessary 
to define as far as possible the conditions favorable for bringing this important 
characteristic to light. 

Of primary importance is the use of dilute media for cultivation of the organ- 
isms, a point mentioned by Soriano (1945). Motility can usually be discerned 
in wet mounts by examining cells adherent to the slide or cover slip. Since all 
known myxobacteria are strict aerobes, a fairly light suspension should be used 
for such examinations; otherwise movement will soon cease owing to depletion 
of the oxygen supply. Particularly if the vegatative units are small, a convincing 
demonstration of creeping movement in wet mounts may prove difficult. In 
such cases, a variant of the usual hanging block technique, first used to study 
swarming by the marine agar-decomposing cytophagas (Stanier, 1940), may be 
applied. A loopful of melted agar is spread on a sterile cover slip and inoculated, 
after solidification, at one or two spots with a mass of young cells from the tip 
of a needle. A dilute nutrient agar may be used, although for the chitin-decom- 
posing strains equally satisfactory results can be obtained with nonnutrient 
agar. The inoculated cover slip is mounted over a moist chamber, incubated at 
a suitable temperature and examined at intervals. After a variable period, spear- 
heads of cells begin to creep out from the smooth periphery of the artificial 
microcolony, and usually within 2 to 3 hours the whole edge breaks dowm into a 
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series of activolj'^ moiang columns, which spread out and interlace with one 
another over the surrounding agar. Provided that wet mounts have shown the 
absence of flagellar locomotion, this constitutes a decisive proof of creeping motil- 
ity. A series of consecutive photomicrographs of swarming from such an arti- 
ficial niicrocolony of C.Joliiisonae arc shown in figure 5. 

Cultural characters. Certain cultural characters offer hints to the observant 
for the identification of imperfect m 3 Avobacteria. The most suggestive features 
are flat, rapidly spreading growth on solid media, the penetration of weak agar 
gels b}'^ the cells, and the etching of the surface of agar media. These properties 
are not, however, invariably shown; they were apparently absent in the cultures 
studied Imsenecki and Solntzeva (1945), and are not found in C. Imtchinsoni 
(Stanier, 1942) or in C.johnsonae when grown on concentrated media. 

Other ‘properties. There are no really distinctive nutritional, biochemical, or 
physiological characters common to all nonfruiting myxobacteria. Strict aero- 
biosis and a rather low temperature optimum (30 C or less) are common; but an 
adequate search for myxobacteria with other oxj^gen and temperature relation- 
ships has so far not been made, and these particular properties are widely found 
in the eubacterial groups most likelj'' to be confused with the nonfruiting myxo- 
bacteria. Although there is a definite group tendency toward the decomposition 
of complex polysaccharides, this is by no means universal; C. columnaris (Garn- 
jobst, 1945) and the Promyxobacteriimi spp. described by Imsenecki and 
Solntzeva (1945) lack this property. In addition, I have examined several strains 
of imperfect myxobacteria isolated by chance from soil which failed to attack any 
of the polysaccharides tested (agar, chitin, cellulose) except starch. The 
inability to use any source of carbon save carbohydrates is a highly distinctive 
feature of the classical cellulose-decomposing cytophagas, but is not feund in the 
more recently described species. The members of the group are markedly 
heterogeneous in their relation to growth factors: some (viz., the soil cellulose- 
decomposing group, C . johnsonae and the Proimjxobacteriuin spp. of Imsenecki and 
Solntzeva) are capable of satisfactory growth with ammonium salts and a 
suitable carbon source, but others definitely require growth factors, although in 
no case have the exact needs been worked out. 

recent proposals on the taxonomy of the nonfruiting matiobacteria 

When the taxonomic recognition of the nonfruiting myxobacteria was first 
proposed (Stanier, 1940, 1942), the suggestion was made that the microcysto- 
genous species should be included in the family Myxococcaceae as a new genus, 
Spoi'ocytophaga, and that a new family, the Cytophagaceae, with a single genus 
Cytophaga Winogradsky emend, should be adopted for the amicrocystogenous 
species. As originally defined by Winogradsky (1929), the genus Cytophaga was 
characterized in part by obligate cellulose decomposition, a physiological property 
which proved no longer valid following the discovery that the species included 
could attack other carbohydrates. The familj'^ Cytophagaceae and the genus 
Cytophaga were then redefined (Stanier, 1942), on purely morphological grounds, 
as containing organisms with the characteristic features of m 3 Axobactei’ial I'egeta- 
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live cell structure, but incapable of forming either fruiting bodies ormiciocysls. 

Recentlj" two modifications in the taxonomy of this group have been proposul. 
Imsenecki and Solntzeva (1945) suggest a family Promyxobacleriaceae, define! 
as containing myxobacteria which fail to form fruiting bodies, and dividctl into 
three genera; Promyxobacterium, Cytophaga, and Sporocytophaga. The new genus 
Promyxobacteriiim, created for two species described by Imsenecki and Solntzeva, 
is stated to consist of organisms whose vegetative cells are rod-shaped with 
rounded ends, in supposed contradistinction to the other two genera in which tlic 
vegetative cells are stated to be long, thin, and slightly bent with pointed ends. 
The proposed family Promyxobacleriaceae, which would unite all nonfruiting myxo- 
bacteria and separate them from myxobacteria at a higher level of biological 
organization as expressed by the formation of discrete fruiting bodies, has much 
to recommend it. The possible merits of this arrangement have been assessed 
previously^ and it has been pointed out that the decision between such a taxonomic 
scheme and one xx’lrich places the genus Sporocytophaga in the Myxococcaccac 
must remain more or less a matter of arbitrary choice (Stanier, 1942) . 

On the other hand, the genus Promyxobacterium as it is defined by Imsenecki 
and Solntzex’a would, I feel, prove completely unworkable, since the supposed 
morphological distinction between organisms of this iypQoxy&Cytophaga species is 
not a clear-cut one. IVhen examined in the living state, cells of the classical 
cellulose-decomposing cytophagas are of even xxddth, with ends which are only 
slightly pointed, if at all. In the last analysis, the difference between Pni- 
myxobactenum and Cytophaga appears to be one of cell length, xvhich is not really 
tenable. In Cytophaga johnsonae and C. columnaris, the cells may’’ be short and 
Promyxobacleriitm-\i\<.e or long and Cytophaga-]ike, and, depending on cultural 
conditions, one or the other type can predominate. 

The taxonomic proposals of Soriano (1945) are more far-reaching, and comprise 
part of a scheme for rearranging the major groups of bacteria. Only the perti- 
nent sections of his suggested changes wdll be discussed here. He proposes tlut 
the order Myxobacteriales should be kept as originally conceived for fruiting my -xo 
bacteria alone, and that a nexv order Flexibacteriales should be created to contain 
all bacteria with flexible, rod-shaped cells and creeping motility that are incapaW'-’ 
of forming fruiting bodies. In this order he assembles three families: t ic 
Cytophagaceae, containing the genera Cytophaga and Sporocytophaga] the IPUP'' 
toaceae, containing the genus Beggialoa-, and the Flexibacteriaceae, containing t 
genus Flexibacter. The latter family and genus were created by Soriano er 
several nonfruiting, amicrocystogenous my^xobacteria discovered by him a 
develop on peptone and meat extract media and are unable to attack cellulo--- 
The three families are defined and distinguished primarily on nutritional gioiim 
as follows: 

Flexibacteriaceae. Forms xvhich do not contain granules of sulfur and are i 
capable of attacking cellulose. 

Cytophagaceae. Fle.xible bacteria, spindle-shaped at some period of < 
development, which attack cellulose and may^ or may^ not produce cy.sts. 

Beggiatoaceae. Flexible, filamentous forms, xvithout photosymthetic pigua 
containing sulfur granules within the cells. 



1947] 


STUDIES ON NONFRUITING MYXOBACTERIA 


313 


, Tw'o principal criticisms can be made of the proposals of Soriano. The first, 
and less serious, is that so many lines of evidence link the nonfruiting myxobacteria 
with the higher myxobacteria— all the common features of vegetative cell 
structure, together with the mode of mycrocyst formation in the Sporocytophaga 
species — that an ordinal separation is too drastic. The second is that the order 
Flexibacteriales is not in itself a natural assemblage, since the families Flexibacte- 
riaceae and Cytdphagaceae differ radically in structure and organization from the 
Beggiatoaceae. As is now commonly recognized, the latter family comprises 
colorless counterparts of blue-green algae belonging to the family Oscillatoriaceae. 
Since the practice in other algal groups of placing colorless genera and families 
near morphologically related photosynthetic forms is well established (cf . Lwoff, 
1943, and Pringsheim, 1941, for discussions of colorless flagellates), there is no 
justification e.xcept a false bacteriological tradition for not following the same 
procedure in the case of the Beggiatoaceae and removing them from the bacteria 
altogether. If this is done, Soriano’s order Flexibacteriales becomes a repository 
for nonfruiting m 3 Gcobacteria, equivalent to Imsenecki and Solntzeva’s Pro- 
myxobacteriaceae, or to my family Cytophagaceae with the addition of the genus 
Sporocytophaga. ' 

The problem of generic and familial segregations among the nonfruiting myxo- 
bacteria is a difficult one. If these organisms really comprise as large and varied 
.a group as appears to be the case from recent work, a single genus and family 
may well prove insufficient to include them all; but before additional genera and 
families are accepted, careful thought should be given to the selection of signif- 
icant, mutually exclusive differential characters. As already mentioned, the 
' Promyxobacterium-Cytophaga division along morphological lines proposed by 
Imsenecki and Solntzeva ^1945) is untenable. We are faced here with a taxo- 
nomic difficulty which has previously been encountered in the true bacteria; 
namely, that of finding foolproof physiological differential characters which can 
be used to split up a group of strict aerobes sharing common morphological 
properties. Viewed in this light, Soriano’s proposed FJexibacter-Cytophaga 
division on the basis of ability or inability to attack cellulose is simply a contin- 
uation of the policy expressed in the generic pairs Vibrio-Cellvibrio and Pseudo- 
monas-CeUulomonas. In all these cases, the mutational loss of a single hydrolytic 
enzyme, an event not too difficult to envisage in the light of recent work on the 
biochemical genetics of microorganisms, would be sufficient to change the generic 
position of an orgam'sm. An additional obstacle to such generic separations, 
clearly evident in the Vibrio-Cellvibrio group, is provided by the intergrading 
species endowed with a general ability to attack complex polysaccharides, but 
lacking the specific enzyme cellulase (e.g., the agar-decomposing vibrios). 

Until nonfruiting myxobacteria have been more extensively studied, the genus 
Cytophaga appears to me to provide an adequate taxonoroic-pigeonhole for all 
known amicrocystogenous species. Mention may be made here, however, of one 
significant physiological property which might be appUed to give a generic 
segregation roughly equivalent to that suggested by Soriano; namely, the type 
of organic compound which can be used as a source of energy. The classical 
cellulose-decomposing cj^tophagas are highly restricted in this respect, being 
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unable to develop in the absence of carbohydrates. 'All other known species of 
nonfruiting nayxobacteria can use peptides, and in certain cases other simpler 
organic compounds, to fulfill- their energy requirements. A division into two 
genera, Cytophaga and Flexibacter, on this basis would, I believe, prove more 
satisfactory than one which rested solely on the ability or inability to hydrolyze 
cellulose. 
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SUMMARY 

Amicrocystogenous nonfruiting myxobacteria commonly occur as a component 
of the chitin-decomposing microflora in aerobic chitin enrichment cultures. 

Several strains of these organisms have been isolated and studied. Although 
atyqjical in some respects from the morphological and cultural standpoints, they 
are all representatives of the genus Cytophaga. The nutrition is unspecialized, 
and good growth occurs on a wide variety of media. Only slight differences 
between strains were found, and they are consequently regarded as represent- 
atives of a single species, Cytophaga johnsonae, n. sp. One strain characterized 
by pronounced denitrifying abilities is separated as a variety, var. denitrificans- 

The taxonomy of the nonfruiting myxobacteria and the problem of their 
differentiation from rod-shaped eubacteria are discussed in the light of recent 
work. 
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In an area where enteric infections are highly endemic, the etiological agents 
of the infections are not always clearly evident. For example, the percentage of 
specimens positive for commonly accepted intestinal pathogens in over 800 stool 
specimens examined in North Africa from May through September, 1943, fell 
from 70 per cent during May and June, when gastroenteritis among American 
troops was at its maximum, to 30 per cent and then to 10 per cent in the naonths 
following.’ Inasmuch as the majority of specimens examined were from cases 
of enteritis, it was felt that the commonly accepted pathogens were not always 
the cause of these disorders, and it was decided to investigate the comparative 
distribution of Paracoldhaclrum species. Such a study, it was believed, would 
yield additional information concerning possible pathogenicity of that group of 
organisms and would, in addition, furnish data on their relative frequency in 
normal individuals in an endemic area. The investigation was therefore initiated 
in January, 1944, and specimens were collected until May of that year in Casa- 
blanca, North Africa, the cultural and serological work being continued until 
August, 1944, following transfer of the organization to Rome, Italy. In this 
paper, the nomenclature for the paracolon organisms proposed by Borman, 
Stuart, and Wheeler (,1944) will be used. 

METHODS OF INVESTIGATION 

The native Arab population of this area, living as it does under primitive 
sanitary conditions, is obviously the reservoir of intestinal pathogens. It was 
desirable, therefore, in order to determine what.organisms were normally present, 
to obtain feces specimens from this group of people. This was done through 
the co-operation of a local Arab hospital, which furnished specimens from newly 
admitted patients mth disorders other than intestinal ones. As a further control 
on normally occurring organisms, specimens from healthy American soldiers or 
from Italian prisoner of war food handlers, living under Army sanitary conditions, 
were obtained. Specimens from these sources were collected during the same 
period that specimens from hospital patients with enteritis were examined. 

All specimens were planted on eosin methylene blue agar, SS agar, and selenite- 

’ This study was made in the laboratory service of the 6th General Hospital, U. S. Army, 
Casablanca, North Africa, and Rome, Italy. 

’ Captain, U. S. A. Reserve, Retired. With the technical assistance of T/5 Wayne 
Easterday. 

’ Data collected by the author while Chief of the Bacteriology Section, 1st Medical 
Laboratory, U. S. Army, Bizerte, North Africa. 

317 



318 


W. BLAKE CHEISTENSEN 


[vOL. 53 

f broth immediately on arrival. After 24 hours’ incubation, suspicious colonies 
on the plates were transferred to Kligler agar slants. Material from the selenite-i 
broth was planted on SS agar, and colorless colonies were picked the following 
day. All cultures so obtained were tested biochemically. Commonly accepted 
pathogens were identified serologically, and prehminary studies on the antigenic 
relationships of the most frequently occurring Paracolobactrum species were made. 

DISTHIBUTION OP ORGANISMS 

Table 1 shows the distribution of the most frequently isolated slow- and non- 
lactose-fermenting organisms obtained. As was expected, the greatest number 
of positive isolations was made from hospital cases, amounting to 81.1 percent 
of the hospital specimens submitted, as compared to 61.1 per cent positive 
normal Arab specimens, and 32.6 per cent positive normal American specimens. 

Salmonella species were isolated from 13.5 per cent of the hospital specimens, 
from 5.5 per cent of normal Arab specimens, and from 8.7 per cent of normal 
American specimens. Shigella species were isolated from only 8.1 per cent of 
hospital specimens, from 18.5 per cent of normal Arab specimens, and from 
4.3 per cent of normal American specimens. Though these figures indicate an 
apparent lack of significance in the distribution of the commonly accepted 
pathogens, there can be little question that Salmonella and Shigella species iso- 
lated from hospital patients were in fact the causes of the enteric infections. 
Most of the positive hospital stools were pathological, containing blood or 
mucus or both, though some were of a more normal appearance. Paracolobaclruin 
species were isolated in only a few cases in association with the ordinary patho- 
gens. The high percentage of Salmonella and Shigella species isolated from nor- 
mal American and normal Arab specimens, whose stools in most cases were 
normal in appearance, indicates a high frequency of the carrier state, a condition 
which could be expected in a highly endemic area. 

There was, on the other hand, a marked difference in the distribution of Fari!- 
colobactnim species isolated from the three sources. Organisms of that group 
were obtained from 62.2 per cent of hospital specimens,* from 42.6 per cent of 
normal Arab specimens, and from 19.5 per cent of normal American specimen. 

In addition to the organisms recorded in table 1, anaerogenic orgaiiism^ 
possibly belonging to the genus Proshigella were isolated but were not of sigmi- 
icance either in numbers or distribution. Numerous Proteus species were aliO 
isolated, being found in 29.6 per cent of normal Arab specimens, in 10.8 per cen 
of hospital specimens, and in 2.2 per cent of normal American specimens. 

Table 2 shows the distribution of the Paracolobactrum cultures obtained. • 
aerogenoides cultures were found about five times as often in hospital patienU 
as in normal Arabs, and about seven times as often as in normal AmericaiiJ- 
P. intermedium cultures were isolated about twice as often from hospital patien • 
as from normal Arabs, and about three times as often as from normal Amencat:' 
P. coliforme, however, was isolated only twice as often from hospital patiea- 
as from normal Americans, and only half as often as from normal Arabs. 
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CULTURAL AND ANTIGENIC CHARACTERISTICS 

Cultural characteristics and antigenic relationships of the Paracolohactrum 
cultures isolated are shown in table 3. Most of the cultures were held on 
nonferraentable carbohydrate media, citrate agar (Simmons), and urea agar 
(Christensen, 1946) for 3 weeks in the preliminary studies. Hydrogen sulfide 
production was determined in Kligler’s medium. Indole production was deter- 
mined by means of Kovac’s reagent, and acetylmethyl-carbinol production, 
because of the lack of more sensitive reagents, was determined by use of 10 per 
cent potassium hydroxide solution. Semisolid agar at room temperature and at 
37 C was used to determine motility. Following the preliminary study, made 
immediately upon isolation of the cultures, all reactions were repeated and addi- 

TABLE 1 


Comparative distribution of Paracolohactrum, Salmonella, and Shigella species 


SOURCE 07 SFECZMEK 

mmuER OP 
SPECIMENS 

POSITIVE 

SPECIMENS 

SPE 

Paracolohactrum 

1 

CIMKNS CONTAlNi: 

Salmonella 

NC 

1 Shigella 

No. 

Per 

cent 

No, 

Per 

cent 

No. 

Per 

cent 

No. 

Per 

cent 

Hospital patients 

37 

30 

81.1 

23 

62.2 

5 

13.5 

3 

8.1 

Normal Arabs 

54 

32 

61.1 

23 

42.6 

3 

5.5 

10 

18.5 

Normal Americans 

46 ' 

15 

32.6 

9 

19.5 

4 

8.7 

2 

4.3 


TABLE 2 

Distribution of Paracolohactrum cultures 


SOUIICE 07 COLTUEE 

P. AEROGENOIDES ! 

1 

P. INTEBMEOIUM 

P. COLirORME 

No. 

Per cent 

No. 

Per cent 

No. 

Per cent 

Hospital patients 

11 

29.7 

7 

18.9 

6 

16.2 

Normal Arabs 

3 

5.6 

5 

9.3 

16 

29.6 

Normal Americans 

2 

4.1 

3 

6.5 

4 

8.7 


Percentages are in terms of number of specimens e.xamined. See table 1. 


tional tests were added. Most cultures were held on nonfermentable carbohy- 
drate broths in the second series for 40 days. 

For antigenic studies, one strain from each of the largest cultural groups was 
used for antiserum production. This study was to have included complete 
antigenic comparison among themselves of the Paracolohactrum organisms iso- 
lated, as well as comparison with known Salmonella and Shigella antigens. The 
investigation was terminated, however, before complete antigenic and cultural 
studies were completed. It will be noted that cultural characteristics of only 
20 P . coliforme organisms are given in table 3, though a total of 26 cultures were 
isolated, as sho^vn by their IMViC reactions. Lack of time prevented more 
coiTiplete study of the 6 cultures not listed, and also of cultures listed which were 
not tested on all media given in the table. 








































TABLE 3 

Cultural characteristics and antigenic relationships of Paracolohaelrum cultures 



+ — positive reaction; acid and gas in carbohydrate broth, db = acid only or acid and bubble of gas in carbohydrate broth; some strains 
motile, others uonmotilc, others not tested. — *= negative reaction; carbohydrate not fermented in 40 days. — 0 = not tested. 
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Only one cultural group of P. aerogenoides was isolated in this study. This 
group is apparently the same as type 1721 of Stuart et al. (1943). Of the 16 
cultures in this group, 13 were antigenically related, as shown by spot plate and 
tube agglutination tests. The 3 unrelated strains were all from hospital patients. 
The antigenic relationship of the other 13 strains was not a close one, however, 
since adsorption of the serum with the heterologous strains failed to reduce the 
titer for the homologous organism. 

Two cultural groups of P. intermedium were found. Group 1 resemble most 
closely the type 1421 of Stuart el al. (1943), with the differences that all cultures 
studied produced hydrogen sulfide, 2 of the 12 strains produced acid and gas in 
salicin in 11 and 20 days, and all were definitely aerogenic wth all carbohydrates 
fermented. Of this cultural type, 7 were isolated from hospital patients, 5 from 
normal Arabs, and none from normal Americans. Antigenically, 4 of the 7 
strains which were tested against one antiserum were related. The 4 related 
strains were from normal Arabs, and the other 3 were from hospital patients. 
Adsorption experiments were not conducted. Group 2 strains were not held on 
citrate medium more than 1 week, and it is possible that longer incubation would 
have brought out citrate utilization. These cultures differed from group 1 in 
being hydrogen-sulfide-negative and negative or slow on sucrose. All organisms 
of this group were isolated from normal Americans. 

Three cultural groups of P. coliforme were isolated. The 9 cultures of group 
1 were negative on both lactose and sucrose after 3 weeks in 1 per cent and 40 
days in 5 per cent concentrations of the sugars. Six of the 9 were positive in 
salicin after 2 to 4 days. Some of the cultures were also tested on xylose and 
inositol. Three of the cultures were negative on xylose, 5 produced acid and gas 
immediately, and 1 culture was positive after 3 days. Eight cultures tested on 
inositol were all negative. Antigenically, only 2 of the 9 cultures were related. 
Adsorption experiments’ were not done. Three cultures of this group were 
from normal Americans and 6 were from normal Arabs. 

The 3 cultures of group 2 differed from those in group 1 in fermenting lactose 
in 9 to 35 days, 2 were negative on salicin, and 1 was positive after 6 days. Two 
of these cultures were from normal Arabs, and 1 culture was from an individual 
suffering from a mild diarrhea. The 8 cultures of group 3 were either negative 
on lactose or produced only acid, or acid and a bubble of gas. All 8 cultures were 
positive on sucrose. Four cultures of this group were from hospital patients; 3 
were from normal Arabs and 1 was from a normal American. 

PATHOGENICITY 

E'vidence for the pathogenicity of Paracolobactrum species in recent years has 
been slowly accumulating (Parr, 1939; Weil, 1943). Stuart and Rustigian (1943) 
presented strong evidence for the pathogenicity of one type of P . aerogenoides, 
Stuart et al. (1943) presented further direct evidence for the pathogenicity of P. 
aerogenoides and P. coliforme strains. Young (1946) reported three strains of 
Paracolobactrum organisms containing Salmonella XXXVIII antigen isolated 
from, patients with clinical symptoms but not from asymptomatic persons. 
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The present communication adds further evidence for the pathogenicity of 
Paracolobaclrum species. The isolation of these organisms from GO per cent ci 
gastroenteritis cases as compared to 20 per cent of healthy individu.al3 livisj 
under similar (Army) sanitary conditions is at least indicative of pathogenicity, 
particularly since in only a negligible number of cases were they found in asso- 
ciation with commonly accepted pathogens. Although objection may be made 
to attaching such significance to the distribution of these organisms, particularly 
in view of the relatively large number of isolations from healthy individuals, it 
will be obseia’ed that relatively large numbers of Sabmnella and Shigella species 
were also isolated from healthy individuals. Furthermore, Neter (1943) has 
stated that persons with no history of bacillary dysentery may harbor dysentery 
bacilli. The writer in this investigation also isolated Salmonella cultures from at 
least one healthy person (himself) with no history of previous Salmonella in- 
fection. It would therefore seem quite possible to find pathogenic Paracolo- 
hactrum species in healthy persons not susceptible to their invasive cap.abilities. 

It is of further interest, concerning relative distribution of enteric pathogens, 
that Stuart, Wheeler, and McGann (1946) reported that an antigenically heterog- 
enous, anaerogenic paracolon organism was isolated almost exclusively from 
gastroenteritis patients in the vicinity of Providence, Rhode Island, with only 1 
strain being isolated from over 300 normal individuals. This same type, however, 


was isolated frequently from normal individuals in the State of Florida. 

Aside from the significance implied by the relative distribution of Paroedo* 
baclrum organisms (tables 1 and 2), additional evidence points to the patho- 
genicity of at least the P. aerogenoides type isolated in this study. In the ma- 
jority of cases, colonies on the plates were not in pure culture and indeed in many 
cases were not even very abundant, probably because most specimens were 
obtained from 3 days to a week after onset of the symptoms. In two cases, 
however, specimens were obtained within a few hours after the onset of the 
symptoms. These cases were primarily surgical patients (appendectomy and 
amputation) suffering from mild diarrhea. Specimens from these paticnb 
yielded from few to numerous, apparently identical, colorless colonies on EMC 
and SS agars, and after streaking to SS agar from selenite-f broth. All culture 
so isolated were P. aerogenoides, and no commonly accepted pathogens "cre 
found. 


In another case, a member of the laboratory staff, who one evening had eaten 
dinner away from the organization’s mess, suffered from a very mild diarr-- _ 
the next morning. His stool specimens showed the presence of P. coUfo^J’^ ‘ 
group 2, though not in very great abundance. No other pathogens were 
No additional evddence beyond the suggestive distribution was obtained for t - 


pathogenicity of P. fntmncdium. _ , 

Biochemically, the P. coliforme cultures of group 1 are of particular intcit--- 
These organisms are apparently identical with the once-designated Salmo--^ 
columbensis, recently studied by Fulton (1943). This author studied 
of this biochemical type, the majority of which were obtained from gastrocD^>- ^ 
itis patients. He felt that this organism, although hot belonging to the o^- 
Salmonella, was in fact worthy of not only specific but generic rank. 
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In the present study, the 9 organisms of this group were all obtained from 
apparently normal individuals and none from hospital cases. The outstanding 
characteristic of these organisms, however, was their complete lack of ability 
to ferment either 1 per cent or 5 per cent lactose and sucrose after 3 weeks’ and 
40 days’ incubation in the respective concentrations. Fulton showed that his 
18 strains failed to ferment 5 per cent lactose in 10 days. These reactions do 
indeed seem to set the organisms apart, and though under the proposed scheme 
of Borman el al. (1944) they are now included in the P. coUforine species, it seems 
possible that further information will show them to be better delineated as a 
separate species. It might be added, parenthetically, that of 28 indole-positive 
strains isolated both before and during tliis investigation which were negative 
on lactose and sucrose in 1 per cent concentrations after 1 to 3 weeks, 13 produced 
acid or acid and gas in 5 per cent of either one or both of the carbohydrates 
mthin 1 to 35 days. 

Although the fact that the relatively small number of specimens examined in 
this investigation, together ivith the relatively small number of organisms of 
each cultural group isolated, makes it inadvisable to state dogmatically that the 
Paracoloiactrum species studied are pathogenic, it is felt that the evidence 
presented warrants the conclusion that the P. aerogenoides type is very probably 
pathogenic in this area (Casablanca, North Africa) and that certain of the 
cultural groups of P. intermedium and P. coliforme are possibly pathogenic. It 
is felt further that more investigations of the nature herein reported should be 
made on a larger scale and preferably in the field, with especial attention to the 
incidence of Paracolobactrum species. Such studies should yield valuable in- 
formation concerning the general pathogenicity of these organisms, as well as 
bring to light any geographical differences in the pathogenicity of the cultural 
types isolated. 
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SUMMARY 

A study of the comparative distribution of Paracolobactrum, Salmonella, and 
Shigella species in an area highly endemic for enteric infections showed that 
Paracolobactrum species were found much more frequently in cases of gastroenter- 
itis than were either of the other two groups. The Paracolobactrum organisms 
were found with much greater frequency in hospital cases than in normal indi- 
viduals or two groups — namely, normal Arabs and normal American troops. 
Salmonella and Shigella species were found with almost equal frequency in all 
thi-ee groups. 

Study of the Paracolobactrum species yielded evidence that the one cultural 
group of P. aerogenoides isolated, consisting of 16 strains, 13 of which were anti- 
genically related, was very probably pathogenic in this area. It was considered 
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possible that some of the P. intermedium and P. coliforme strains might b 

pathogenic. 

The significance of the distribution of these organisms in normal individual 

in this and other areas is discussed. 
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An impediment to a logical classification of the rickettsiae pathogenic for man 
las been the use of the generic term Dermacentroxenus for the organism of Rocky 
Mountain spotted fever. Tliis designation was applied by Wolbach (1919), the 
;erm being derived from the generic name of the arthropod host, Dermaccnlor 
mdersoTii. The rickettsia was named Dermacentroxenus rickellsi. The same 
generic term was employed by Wolbach and Todd ^1920) to designate the 
nganism seen in sections of the capillaries, arterioles, and veins of Mexican 
yphus fever subjects. This organism was named Dermacentroxenus typhi. 
The use of Dermacentroxenus as applied to the organism of endemic (murine) 
iyphus has not been recogni 2 ed, and the term Rickettsia is universally accepted 
IS the proper generic name of the organism of this disease as it is closely related 
io that of epidemic typhus, Rickettsia prowazekii (type species). 

The purpose of classification is to arrange organisms which possess genetic 
relationships in groups. Just what criteria are to be used in making such 
irrangements is often debatable. The partial localization of the rickettsiae of 
Rocky Mountain spotted fever in the nucleus of cells in Rocky Mountain spotted 
iever in contrast to the intracytoplasmic localization of t3T3hus rickettsiae has 
oeen cited as justification for the separation of the organism of spotted fever from 
those of epidemic ^European) typhus and endemic (murine) typhus (Pinkerton, 
1936). 

There are, on the other hand, many characteristics which relate the spotted 
fever organism to those of epidemic and endemic typhus. These organisms are 
similar morphologically; they have common antigenic factors with certain 
Proteus strains; they show slight resistance to heat and chemical agents; they 
are nonfilterable; they occur in the endothelial cells of the small blood vessels; 
they are all concerned in diseases of man characterized by fever and exanthema; 
and there is evidence of some immunological relationship, Castaneda and Silva 
(1941) having shown that recovered typhus-infected guinea pigs are markedly 
more resistant to highly virulent spotted fever strains than are normal guinea 
pigs to the same strain. All are transmitted to man by arthropods. 

If Dermacentroxenus should be considered acceptable as the generic designation 
fer the organism of Rocky Mountain spotted fever, then it follows that other 
organisms of the rickettsial group which might be as closely related to one another 
4s is the organism of Rocky Mountain spotted fever to Rickettsiaprowazekii 
Would also fall in different genera, each of which would consist of only one or two 
species. It is well recognized that many other orga nisms designated as rickett- 
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siae are much farther removed from the type species, Rickettsia prmcazcldi, 
than is the organism of Rocky Mountain spotted fever, and these might well be 
assigned to other genera. 

The elimination of the term Dermacentroxenus would clarify the situation and 
and permit of an orderly classification of the well-recognized rickettsiae, as well 
as of many of the other “rickettsiae” when further information concerning them 
is available. On this basis the rickettsia of Rocky Mountain spotted fever be- 
comes Rickettsia rickettsi proposed by Brumpt (1922) in his Precis do parast- 


tologie, the species designation being fully vahd. 

With reference to the species designation typhi for the organism of endemic 
typhus, tliis term has priority over all others, including manchuriae (Kodaraa 
et al., 1931), mooseri (Monteiro, 1932), exanthematofebri (Kodama, 1932), muricok 
(Monteiro and Fonseca, 1932), nmrina (Megaw, 1935), Jletcheri (Megaw, 1935), 
prowazeki var. mooseri (Pinkerton, 1942). As suggested by Philip (19-13), the 
name typhi is valid transferred to the genus Rickettsia as Rickettsia typhi or 
Rickettsia prowazekii subsp. typhi. Recently acquired information on the serol- 
ogy of epidemic and endemic typhus (Plotz, 1943), as well as differences of 
growth capacity and differences in clinical manifestations in man and laboratory 
animals, would seem to justify differentiation on a species basis, and therefore 
Rickettsia typhi (Wolbach and Todd)* may be considered a suitable name for the 
organism of endemic (murine) typhus. Though Wolbach and Todd (1920) 
designated the disease which they were studying as “typhus e.xanthdmatique au 
Mexique,” Steinhaus (1946) states that Dr. Wolbach, as stated in a persomol 
communication, believes for various reasons that the disease studied was of the 


murine type. The creation of a new name, Demacentroxenus typhi, for the causa- 
tive agent rather than the acceptance of the term Rickettsia prowazekii, the 
recognized agent of European typhus, for the organism seen by Wolbach an 


Todd lends support to this belief. 

The species designation manchuriae antedates mooseri. In the April, 193-, 
number of the Kitasato Arch. Exptl. Med., v. 9, p. 99, Kodama, Kono, aa 
Takahashi in the paper “Demonstration oi Rickettsia manchuriae appearing Q 
the stomach epithelial cells of rat fleas and rat lice infected with so-callcd J an 
churian typhus” refer to a previous paper entitled “On the experimental obser- 
vation of the so-called Manchurian typhus and its etiological agent (/?• 
churiae)” (Saikingaku-Zasshi, Japanese, no. 426, 427, Aug. and Sept., D 
Though the latter paper is not available in this country, the contents of the pap- 
in the April, 1932, issue of the Kitasato Arch. Exptl. Med. and the paper" 
follows it, which is probably an English translation of the paper in Japant- 


- .-Although the species name lyphi as used in the binomial DermacenlroxcnT^^ n^^ 
Wolbach and Todd clearly has priority, the name Rickettsia typhi was propose 
Amaral and Monteiro (1932) in 1931 for the organism of the eastern type of Rocky - 
spotted fever. However it has been shown that the eastern type of spotted fo'cr 
differ from the western or Bitterroot type, and, since this designation for eastern ^ ^ _ 
fever has not been recognized, it may be considered-invalidated and therefore as 
flicting with the use of this binomial for the rickettsia of endemic (murine) typ us. 
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referred to, since it has the same title, afford sufficient evidence to justify 
icceptance of the identify of the disease the authors were investigating (Man- 
jhurian typhus) with endemic {.murine) typhus and also the identity of the 
rickettsiae found in the scrapings of tunica of guinea pigs, rats, and rabbits 
ivith the so-called “Mooser bodies.” Monteiro (.1932) in a paper on typhus 
i.vanthematicus of Sao Paulo in Memorias do inslituto Bulantan, v. 6, p. 97, pro- 
poses the name Rickellsiae mooseri for the “Mooser bodies.” The date of pub- 
lication of this paper as well as of the entire volume was July, 1932 {see v. 6, 
p. 134, and v. 7, p. 367, of the Memoirs). 
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As penicillin chemistry unfolded during the early days of production develop- 
ment, it soon became evident that there existed more than one compound having 
the pharmacological and bactericidal properties associated with the name “peni- 
cillin.” American workers had isolated a pure crystalline penicillin (G) which 
was characterized by the benzyl radical and which yielded phenylacetic acid as 
a degradative product, whereas the crystalline penicillin isolated by the English 
workers (penicillin F) contained the A-2-pentenyl radical and yielded no phenyl- 
acetic acid on degradation, A-3-hexenoic acid being obtained in its place (Com- 
mittee on Medical Research, Office of Scientific Research and Development, 
Washington; and the Medical Research Council, London). It was of interest, 
therefore, to ascertain the effect of adding phenylacetic acid to the culture 
medium in or upon which the mold was grown. Two possibilities were antici- 
pated, both based on the assumption that the mold could use the phenylacetic 
acid as a building stone for the penicillin molecule. If this supposition were 
true, it would follow that (a) yields would be increased if synthesis of phen- 
ylacetic acid by the mold were the bottleneck in its penicillin production, and 
(b).the penicillin G: penicillin F ratio would be increased. 

The experiments described below show that the total penicillin yield was 
increased in both surface and submerged cultures, but no marked change in the 
ratio of penicillin types could be demonstrated as being due to phenylacetic 
acid.* 


METHODS and MATERIALS 

All of the surface production cultures were grown at 24 C, in 200-ml pyrex 
Erlemneyer flasks containing 50 ml of medium. The submerged cultures were 
also grown at 24 C, but in 300-ml Erlemneyer flasks containing 125 ml of medium 
and shaken on a Ross-Kershaw machine. 

* The expenses of the work described in this paper were met in part from Contract 
OEMcmr-100 with the Office of Scientific Research and Development, recommended by the 
Committee on Medical Research. 

’Present address: Abbott Laboratories, North Chicago, 111. 

’ One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, Agri- 
cultural Research Administration, U. S. Department of Agriculture. 

‘The effect of phenylacetic acid on penicillin production was communicated in a re- 
stricted monthly report, no. 16, November 20, 1943, to Dr. A. N. Richards, Chairman, 
Committee on Medical Research, Office Scientific Research and Development, who in turn 
sent copies to all penicillin producers and to many research groups in this country and 
abroad. The phenomenon here described has been generally applied industrially. Owing 
to the strategic significance of penicillin, publication of this research has been delayed. 
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The assays were conducted by the cylinder plate method of Abraham d d 
(1941), as modified by Schmidt and Moyer (1944). Some assays were made 
by the same procedure, except that Bacillus subtilis NRRL B-558 and Slapkjhy 
coccus aureus NRRL B-3 13 were used in parallel as the test organisms. Schmidt 
ct al. (1945) demonstrated that a comparison of assay values obtained with S, 
aureus and B. sublilis gives an indication of the type of penicillin present. 

The inoculum for the submerged production cultures consisted of a suspensioa 
of tiny pellets, about 1 mm in diameter, which were obtained after 3 days’ 
growi;h in the following medium: lactose monohydrate, 40.0 g; glucose 
monohydrate, 4.0 g; MgS 04 - 7 H 20 , 0.25 g; KH2P04, 0.50 g; NaNOj, 3.0 g; 
ZnSO* -71120, 0.080 g; corn steep liquor, 36.0 g; and distilled water to make 1 liter. 
Portions of 125 ml of this medium were dispensed in 300-ml Erlenmeyer flasks. 
One gram of sterile, dry CaCOa was added to each flask just before inoculation. 
Inoculations were made with 10-ml portions of a heavy suspension of ungermi- 
nated spores. These cultures were incubated at 24 C on the Ross-Kershaw 
shaking machine. 

The production media contained the corn steep liquor and lactose which have 
been shown by the authors (1946) to be essential to good penicillin yields in 
both surface and submerged cultures. 

The experimental error of the cup plate assay on crude culture filtrates was 
frequently of sufficient magnitude under routine conditions to render difficult a 
very accurate evaluation of units per ml based on the dual assays. The varia- 
tion in the assays appeared to be greater with the crude penicillin filtrates than 
with highly purified samples of the F and G types of penicillin. 

Three fungus strains, Penicillium notatum NRRL 1249.B21 (Moyer and 
Coghill 1946a), P. notatum NRRL 832 (Moyer and Coghill 194C6), and Penb 
cillium chrysogenum NRRL 1951. B25 (Raper and Alexander, 1945) were em- 
ployed in these investigations. 


EXPERIMENTAL RESULTS 

Surface cultures. Concentrations of phenylacetic acid varying from 0.025 to 
0.8 g per liter, added at the time of inoculation, were first employed in surface 
cultures of P. notatum NRRL 1249.B21. On the second day a concentration of 
phenylacetic acid of 0.2 g per liter had caused a definite inhibition of growth; at 
0.4 g per Uter there was a marked toxicity; and at 0.8 g per liter growth 
completely inhibited. As the cultures aged and the pH increased, the to.dcit) 
of phenylacetic acid appeared to decrease. There was some increase in penicilhu 
yields apparently due to phenylacetic acid. The cultures containing 0.2 g P*-^ 
Uter of phenylacetic acid, although slower in growth and pH change, ga'C^ 
high yields of penicilUn as the cultures containing only 0.025 g of phenybe^'-^' 
acid per Uter. This result suggested that higher yields of penicillin nflght 
obtained if the toxic effect of such concentration of phenylacetic acid 
eUminated during the stage of early growth. 

The first attempt to eliminate such to.xicity was made by adding the 
acetic acid to 2-day-old surface cultures. Under these conditions a mart- 
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crease in penicillin yields was obtained by the addition of 0.1 to 0.6 g of phenyl- 
acetic acid per liter of medium. The tolerance for this compound was much 
greater when it was added to 2-day-old cultures than when it was added at the 
time of inoculation with ungerminated spores. This difference in phenylacetic 
acid tolerance was due either to a greater resistance of the 2-day-old mycelium 
or to a close relationship between to.xicity and the pH of the medium, similar 
to that knonm to exist for acetic and benzoic acids. 

To test the effect of adding phenylacetic acid at different ages of the culture, 
three series of surface cultures were prepared. To reduce the toxic effect asso- 
ciated with low pH, the initial pH of the medium was raised from 4.0 to 4.6 by 
adding KOH. Phenylacetic acid was then added to one series of cultures at the 
time of inoculation, and to another series when the cultures were 2 days old. At 
the initial pH of 4.6, it was found that 0.4 g per liter of phenylacetic acid was just 
slightly toxic, as shown by a slower growth and pH change than occurred in the 
control cultures (table 1). The presence of phenylacetic acid in both culture 
series caused a marked increase in the penicillin yield. The assay values based on 
B. subiilis were not significantly different from those based on S. aureus, regard- 
less of phenylacetic acid, indicating that the penicillin was of the G type even 
in the control cultures of P. noialum NRRL 1249.B21. 

Since these results showed that some advantage was gained by raising the initial 
pH of the medium from 4.0 to 4.6, another series of cultures was prepared with 
the initial pH values at 4.2, 4.7, 5.2, and 5.8, with and without phenylacetic acid 
(0.30 g per liter) added at the time of inoculation with ungerminated spores. At 
an initial pH of 4.2, moderate toxicity of phenylacetic acid was again encountered 
(table 2). With the initial pH at 5.2 and 5.8, there was no indication of to.xicity 
due to the phenylacetic acid. A peniciUin yield of 266 units per ml w'as obtained 
in those cultures containing phenylacetic acid %vith an initial pH of 5.2 or 5.8. 

The best penicillin yields with phenylacetic acid w^ere obtained in a medium 
containing a special steep liquor nutrient prepared commercially by a starch 
manufacturing company. The initial pH was adjusted to 5.6 wfith NaOH, 
and 0.40 g per liter of phenylacetic acid was sterilized in the basal medium. 
Under these conditions, a penicillin yield of 316 units per ml was obtained in 
7 days (table 3). The superiority of this special steep liquor nutrient over 
the ordinary com steep liquor has been demonstrated by comparative tests 
m other surface culture experiments. 

Submerged-shaker cultures. The effect of phenylacetic acid on penicillin yield 
was studied concurrently in both surface and submerged cultures. In the 
submerged cultures of P. notatum NRRL 832, the potency value in terms of 
umts obtained from B. subiilis assays was 20 to 30 per cent low^er than from 
S. aureus assays. This difference in assay values was believed to be due to 
the presence of penicillin F as the predominant type. Hence, attention wms 
directed not only to the possible increase in total penicillin yield but also to 
possible changes in the type of penicillin found in these submerged cultures. 

The submerged-shaker production fiasks w^ere inoculated wdth small portions 
of a preformed pellet type growrth of P. notatum NRRL 832. The mitial pH 



TABLE 1 


EJfccl of phenylaceiic acid (0.40 g per liter) on penicillin yields, added at time of tnoculaii.-i 
and after 2 days to surface cultures of P. nolalum NRRL 1240.B21 


PHENYLACETIC ACID ADDITIONS 


CULTUSE ACE, DAYS 


3 4 S 6 7 


Penicillin, units per ml (<S. aureus NRRL B-313) 



47 

— 

— 

— 


36 

— 

liH 

w 


50 


170 




Penicillin, units per ml (B. subtilis NRRLB-558) 




— 



132 




mm 

BmH 

200 



1^1 

176 

200 

195 





pH of filtrates 


None 

6.3 

7.1 


■a 

8.0 

At start 

5.4 

6.5 

H 


7.9 

At 2 days 

6.0 

6.8 

Hg 


8.1 





Dry weight of fungus growth, g per culture 


None ! . . . 

0.73 

0.97 

Ml 

Mi 

At start 

0.41 

O.&l 

mm 

mm 

At 2 days 

0.67 

0.96 


n 


Culture medium: Lactose monohydrate, 55.0 g; glucose monohydrate, 2.0 g; MgSOr 
7H,0. 0.25 g; KH,PO,, 0.50 g; NaNO,, 3.0 g; ZnSOi-THjO, 0.022 g; corn steep liquor, 00.0 
g; and distilled water to make 1 liter. 

Initial pH: 4.6. 


TABLE 2 

Effect of initial pH of medium on the value of phenylacetic acid in penicillin production i'J 
P. notatum NRRL 1249.821 in surface cultures 


INITIAL pH 


PHENYLACETIC 

ACID 

PES LITES 


CULTUSE ACE, DAYS 


Penicillin, units per ml (S. aureus NRRL B-313) 


4.2 

n 

45 

78 

n 

130 

1 

4.2 


21 

67 


138 

■ 

4.7 

Mg 

54 

85 

125 

150 

■ 

4.7 

0.3 

47 

106 

177 

200 

■ 

5.2 

0.0 

45 

SO 

127 

157 

■ 

5.2 

0.3 

48 

106 

159 

200 

■ 

5.8 

0.0 

40 

80 


150 

■ 

5.8 

0.3 

51 

106 



■ 


150 

ISO 

191 

221 

173 

253 

173 

250 


Culture medium: Lactose monohydrate, 44.0 g; glucose monohydrate, 3.0 g, • 
THsO, 0.25 g; KH-PO,, 0.50 g; NaNO,, 3.0 g; ZnSO.-7H,0, 0.022 g; corn steep ,hqU'’-' " 
g; and distilled water to make 1 liter. KOU used to make pH adjustments. 
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of the production medium was 4.2, In the preliminary experiments, phenyl- 
acetic acid was added at the time of inoculation and to 1-day-old production 
cultures. Under these conditions, phenylacetic acid at 0.4, 0.8, and 1.2 g 
per liter resulted in no increase in penicillin yield. There was a marked toxic- 
ity with phenylacetic acid at 0.6 and 1.2 g per liter. 

It was known that the pH of these production cultures rose rapidly, and it 
seemed likely that, as in the surface cultures, the toxicity of phenylacetic acid 
would be less if additions were made to 2- or 3-day-old cultures. A series 
of cultures was prepared in which phenylacetic acid (0.8 g per liter) was added 


TABLE 3 

Effect of phenylacetic acid on penicillin yields by P. nolalum NRRL in surface 

cultures usiny a special corn sleep liquor nutrient* 


PHENYLACETIC ACID 
PER LITER 

CULTURE ACE, DAYS 

1 ' ^ 

5 

6 

1 


■ Penicillin 

, units per ml (S. 

aureus) 


s 

0.0 

■■ 

146 1 

00 

194 

0.4 


233 

1 263 

313 

Penicillin, units per ml (B. sublilis) 

0.0 


160 

192 

189 

0.4 

— 

222 

250 

316 

pH of filtrates 

0.0 

7.2 

7.5 

7.7 

7.9 

0.4 

7.2 

7.6 

7.7 

7.9 

Dry weight of fungus growth, g per culture 

0.0 

1 0.70 J 

0.89 I 

0.92 

0.88 

0.4 j 

0.68 j 

0.85 ( 

0.90 

0.89 


Culture medium: Same as given in table 2, e.xcept that 70.0 g per liter of special steep 
liquor nutrient was employed instead of ordinary corn steep liquor. The initial pH of the 
medium was adjusted to 5.6 with NaOH. 

* Special corn steep liquor nutrient 14 Ea supplied by a commercial firm. 

to 1-, 2-, and 3-day-old production cultures {table 4). Phenylacetic acid added 
to the 1-day-old cultures was quite toxic, inhibiting both growth and peni- 
cillin production, but additions to the 2- or 3-day cultures showed no to.xicity 
and a significant increase in penicillin yield as compared tvith the control cul- 
tures. On the third day, 0.40 g of CaCOs was added to one of the control cul- 
tures. As a result of this treatment, a rapid growth occurred and a good yield 
of penicillin wag obtained on the seventh day. This was evidence that the 
inhibitory or toxic effect of phenylacetic acid could largely be overcome by 
raising the initial pH of the medium or by making the addition to 2- or 3-day-old 
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cultures. The comparative assay values with B. subtilis and S. aurm 2 *. 
6 and 7 days did not indicate any change in type of penicillin produced, althouj'i 
the total yield of penicillin had been increased by the addition of phenylaceti; 
acid. 

In one culture series the initial pH was raised from 4.1 to 5.0 hy the additioi 
of KOH. After 1-day incubation, the pH of these cultures had arisen to C.'3 
in the case in which 0.8 g of phenylacetic acid per liter had been added to tte 
cultures. There was no evidence of toxicity due to the phenylacetic acid, an! 
there was a significant increase in the penicillin yield (table 5). Again assays 

TABLE 4 


Effect of 0.8 g per liter of phenylacetic acid on penicillin yields by P. notatum NRRLSt!, 
when added to I-, and S-day-old submerged production cultures 





CULTURE ACE, DAYS 




2 



5 

6 

Penicillin, units per ml 

s 

Control 

11 

22 

36 

57 

65, (51) 

CS, (51) 

l-day add’n 

2 

3 

4 

4 

4 

- 

1-day add’n.* 

2 

3 

8 

30 

59 

05, (»i) 

2-day add’n 

15 

35 

SO 

71 


So, (is) 

3-day add’n 

14 

32 

45 

71 

85, (72) 

SO, (01) 





pH of filtrates 


Control 

7.1 

7.7 

7.3 

7.2 

7.9 

1-day add’n 

4.4 

4.7 

4.9 

4.9 

5.2 

1-day add’n.* 

4.4 

4.7 

6.0 

7.6 

7.8 

2-c’ay add’n 

7.2 

7.5 

7.4 

7.4 

7.8 

3-day add’n 

7.2 

7.3 

7.4 

7.3 

7.9 


Culture medium: Amounts per 1 liter: Lactose monohydrate, 30.0 g; NaNOj, 1^5' 
MgSOi-TH-.0, 0.125 g; KH 5 PO,, 0.250 g; ZnSO.-yHzO, 0.022 g; corn steep liquor, 50.0 g. 

All cultures inoculated with 4 ml of a 3-day-old pellet suspension. 

Initial pH:4.2. 

Assays values in parentheses determined with B. subtilis NRRL B-558; all others 
S. aureus. 

• 0.40 g CaCOi added per culture on third day. 

with both S. aureus and B. sublilis showed that phenylacetic acid, 
increasing the total yield of penicillin, did not suggest a change in the ^ 
penicillin produced. Other experiments showed there was no advantao*^ 
raising the initial pH of the medium much above 5.2. 

Several investigations were made to determine the concentration 0 P-^ ^ 
ylacetic acid required to give the maximum penicillin yield. It 
possible to determine clearly such an optimum concentration of phcny 
acid, possibly because of some uncontrolled factors, such as activity 0 ^, , 
formity of the inoculum, foaming, variations in shaker speed, etc., wmc 
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to some extent from week to week. A comparison of 0.2 g and 0.8 g of phenyl- 
acetic acid per liter (added at 30 hours) on penicillin yield is shown in table 6. 

TABLE 5 


The effect of phenylacetic acid when added to l-day-old submerged production cultures of P. 
notalum NRRL SSSfor which the initial pH was raised to 5.0 with KOH 


PHENYLACETIC 

ACID 



CULTURE ACE, DAYS 



PER LITER 

^ 1 

3 

4 1 5 

1 ^ 

7 


Penicillin units per ml 



22 

48 

76, (54) 


65 

58 


26 

60 

90, (69) 

mmm 

95 

80 

pH of filtrates 


8.0 


irai 

8.0 

8.2 

8.3 


7.9 



8.0 

8.2 ] 

8.3 


Culture medium: Amounts per 1 liter: Lactose monohydrate, 30.0 g; NaNOj, 1.5 g; 
MgSOrVHiO, 0.125 g; KHjPO<, 0.250 g; ZnSOi-THjO, 0.022 g; corn steep liquor, 50.0 g. 
Cultures inoculated with 6 ml of a 3-day-old pellet inoculum. 

Assay values in parentheses determined with B. subtilis, NRRL B-558; all others with 
S. aureus. 


TABLE 6 


Effect of phenylacetic acid on penicillin yields by P. notalum NRRL 8SB, when added to 30- 
hour-old, pellet-inoculated submerged production cultures 


PHENYLACETIC 

ACID 

PER LITER 

CULTURE ACE, DAYS 


3 


1 5 


Penicillin, units per ml 


mm 

23 

50 

84, (66) 

95, (75) 



36 

SO, (66) 

00 

00 

o 

125, (105) 



34 

83,' (68) 

113, (101) 

141, (12D) 

pH of filtrates 


7.7 

7.6 

7.3 


7.9 


7.7 

7.6 

7.3 


7.8 


7.6 

7.6 

7.3 

HI 

7.8 


Culture conditions same as given in table 4. 

Cultures inoculated with 6 ml of a 3-day-old pellet suspension. 

At 30 hours the pH was 6.3. 

Assays values in parentheses determined with B, subtilis NRRL B-558; al2 others with 
S. aureus. 


There was no significant difference in the pH change between the control cul- 
tures and those receiving phenylacetic acid. These and other experiments 
showed that a ma-yinuim increase in penicillin yield could be attained by sup- 
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plying phenylacetic acid at 0.2 to 0.8 g per liter. No further increase in peci- 
cillin yield was ever obtained by increasing the concentration of phenylacetic 
acid beyond 0.8 g per liter of medium. 

Part of the results of the foregoing e.Yperiment is presented in figure I. 
At 30 hours the pH had risen from 4.1 to 6.3 when 0.8 g per liter of phenyl- 
acetic acid was added. During the 6-day incubation period, 5-ml samples 
were removed once daily for assay and pH determinations. The amount 



Fig. 1. Effect of Phenylacetic Acid on Growth Responses and Total Peuicii-!^ 
Yield (Assay with S. aureus) by P. notatum NRRL 832, When Added to 
30-Hour-Old Pellet-Inoculated Production Cultures 

of total growth was based on a visual score. After 4 days no increase in ^^j 
amount of fungus growth could be detected. After 3 days there was a roar^_ 
increase in the formation of a yellow pigment which diffused from the 
growth out into the medium. The peculiar type of pH curve has already t'-^ 
discussed by the authors (19466). . 

A strain of P. chrysogenum NRRL 1951.B25 was employed in a 
cultures in which the initial pH w'as raised to 5.3 by the addition ot 
or to pH 5.6 with NaOH. Phenylacetic acid fO.4 g per liter) was added to - 
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nutrient medium before sterilization. These cultures were inoculated with 
a suspension of ungerminated spores. In the presence of phenylacetic acid, 
approximately the same levels of penicillin were produced whether NaOH or 
CaCOs was used as the neutralizing agent. It is worth noting that less penicillin 
was produced in the absence of phenylacetic acid when NaOH was employed as 
the neutralizing agent than when CaCOs was used. At the fifth day, penicillin 
yields with S. aureus were 106 units in both NaOH and CaCOj cultures (table 7). 
Again no effect of phenylacetic acid on the type of penic illin produced could be 
shown by the differential assays. 


TABLE 7 


Effect of phenylacetic acid, 0.^ g per liter, on penicillin production by P. chrysogenum NRRL 

1951.B2B in submerged cultures 


INITIAL pH 0 ? UEOIA 

PHENYL- 
ACETIC ACID 
PEft UTEB 

CULTURE AGE» DAYS 

1 ^ I 

4 

1 ^ 

1 

7 



Penicillin 

units per ml 



NaOH to pH 5.6 

n 

26 

40, (29) 

! 

60, (48) 

68, (52) 

54, (41) 


■SB 

36 

75, (60) 

106, (78) 

102, (87) 

80, (69) 

CaCO,* pH 5.3 


53 

SO, (63) 

95, (82) 

100, (84) 

68, (46) 


1 0.4 ; 

50 

85, (73) 

106, (80) 

106, (71) 

71, (54) 

pH of filtrates 

NaOH to pH 5.6 

■n 

8.0 

8.1 

7.7 

8.0 

8.2 

! 


8.0 

7.9 

8.0 

8.4 

8.3 

CaCO* pH 5.3 


8.0 

8.1 

7.9 

8.4 

8.5 

j 

0.4 

8.0 

8.1 

7.9 

8.3 

8.6 


Culture medium: Lactose monohydrate, 27.5 g; glucose monohydrate, 5.5 g; MgSOi- 
7H20, 0.125 g; KHjPO*, 0.25 g; ZnSOj-7HjO, 0.022 g; corn steep liquor, 50.0 g; and distilled 
Water to make 1 liter. 

All cultures inoculated w'ith ungerminated spores. 

Phenylacetic acid added before medium sterilization. 

Assay values in parentheses determined with B. subtilis NRRL B-558; all others with 
S. aureus. 

* CaCOj 5.0 g per liter, added to cool, sterile medium. 

Sodium benzoate, used at 0.8 g per liter in both surface and submerged cul- 
ture, caused no increase in penic illin yield, nor was there any indication of a 
change in type of penicillin produced. 

Various concentrations of phenylacetic acid were employed in both surface 
and submerged cultures grown on a synthetic medium. In no case was it pos- 
sible to demonstrate clearly an increase in total penicillin yield or a change 
in type of penicillin due to the effect of phenylacetic acid. 

The addition of small portions of a finely ground wheat bran (about 50 per 
cent starch) and phenylacetic acid to submerged cultures of P. chrysogenum 
195I.B25 with a nonpellet type of inoculum resulted in a marked increase in 
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the speed of penicillin accumulation (table 8). The particles of bran seemM 
to act as focal points for the germinated spores, resulting in soft “fuzzy ”pel!eU. 
The addition of wheat bran in the presence of phenylacetic acid caused not only 
an increase in total penicillin yield but also caused a change in the assay ratio 
which might be interpreted as indicating greater accumulation of penicillin G 
over that obtained in the absence of bran. This effect of bran in combination 
with phenylacetic acid has been repeated in many e.xperiments. The pH 
of the cultures receiving 5.0 to 10.0 g of wheat bran per culture was always 
lower up to the fourth day than the pH observed in the control cultures. .Vfler 


TABLE 8 

Ejfecl of finely ground wheat bran on total yield and type of penicillin produced in subrtir;d 
culture of P. chrysogenum 19B1.B25 



CULTUHE ACE, DAYS 


3 



5 

Penicillin, units per ml 

Control 




+ 0.5 g bran per culture 

■bI 

pH of filtrates 

Control 

7.4 


7.7 

7.8 

+ 0.5 g bran per culture 

6.5 

1 


. * • * 1 

7.6 1 

7.8 



— 

Bulk of growth, score _ 

Control 

3.2 1 


3.5 

3.C 

+ 0.5 g bran per culture 

4.7 


4.7 

•1.7 


Culture medium: Amounts per 1 liter — corn steep liquor, 36.0 g; lactose monohjdfat., 
27.5 g:MgSO, -711:0, 0.125 g; KHjPO,,0.25 g; NaNO,, 1.50 g; ZnSO*-7H:0,O.OSSg:phW‘- 


acetic acid, 0.30 g. , , , 

Culture size: 200 ml in 1-liter Erlenmeyer flasks. Bran and phenylacetic acid 
in presence of medium; 1.2 g sterile CaCOj added per culture just before inoculation 
a nonpellet type of inoculum (10 ml per culture). Culture incubated, at 25 C on a :oc<i-» 
cradle. 

.-tssay values in parentheses determined with B. sublilie NRItL B-55S; all others -'i* 
S. aureus. 

the fourth day there was usually little difference in pH between cultures >'1^3 
or without bran. In a large number of experiments, penicillin assays by 
of <S. aureus and B. sublilis were nearly identical up to 3 days in cultures receivi--^ 
only' phenylacetic acid, if the pH was not higher than 7.6. Identical rou 
could not be obtained by adding wheat flour in an amount equivalent to 
occurring in the bran or by the addition of bran in the absence of pbenylact-- 
acid. 


DISCUSSION 

The effectiveness of phenylacetic acid in increasing penicillin yieU^ _ 
surface and submerged cultures is closely related to its to.'dcity. The o.- 
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of this toxicity depends both on the concentration of the phenylacetic acid 
and the pH of the culture medium. The toxicity of phenylacetic acid is beheved 
to be due to the undissociated molecule, as has been demonstrated with respect 
to acetic acid by other investigators. IHesel (1913) observed that formic and 
acetic acids were more toxic for Aspergillus niger than were mineral acids. 
He attributed the toxicity of these organic acids to the undissociated molecule. 
Cruess and Irish (1932) found that P. glxmcum could tolerate 160 times more 
acetic acid at pH 7.0 than at pH 2.5. Kirby et al. (1937) showed that the 
to.xicity for A. niger at a fixed concentration was a function of the pH of the 
medium. At pH 5.5 to 6.0 acetic acid slightly inhibited germination, but 
it had only a slight effect, ranging from slight inhibition to a slight stimulation, 
on the ultimate growth of several molds. It was claimed that the undisso- 
ciated molecule, not the acetate ion, was responsible for toxicity. The increased 
antiseptic efficiency of weak acids has been proved in the majority of cases 
to be due to the undissociated acid molecules. Such was found to be true for 
acetic, propionic, butyric, choroacetic, bromopropionic, oxalic, selenious, ni- 
trous, benzoic, salicylic, sulfurous, and h 3 ^ochlorous acids, and also for phenol 
(Huntington and Hahn, 1945). Therefore, it is believed that the toxicity of 
phenylacetic acid is probably due to the undissociated molecule. 

A steady rise in the pH of the medium made it possible to add phenylacetic 
acid in effective amounts to 2-day-old surface cultures without serious toxicity. 
It was found to be a more convenient and equally effective procedure to raise 
the initial pH of the medium to 5.0 to 5.8, and to sterilize the phenylacetic 
acid in the culture medium. Using a pellet inoculum in the submerged cultures, 
better penicillin yields were obtained by adding the phenylacetic acid during 
the fermentation, when the pH had risen to approximately 5.5, than were 
obtained by adjusting the initial pH to 5.5. When ungerminated spores were 
used for inoculum, the toxicity of phenylacetic acid could be avoided by ad- 
justing the initial pH to a suitable level by means of CaCOs or a soluble alkali. 

The quantitative relationship between the amount of phenylacetic acid added 
and the increase in penicillin yield was not always apparent in these experiments. 
Approximately 5 mg of phenylacetic acid, as based on the data in tables 2 and 
3, gave a 1-mg increase in the penicillin yield. A sUght increase in penicilhn 
yield was obtained with 0.025 g of phenylacetic acid per liter. If all the phen- 
ylacetic acid added (tables 2 and 3) was utilized directly in penicillin syn- 
thesis, then the penicillin yield should have been several times that actually 
obtained. Thus it appears that factors other than the amount of phenylacetic 
acid limit the amount of penicillin that accumulates in the fermented liquor. 
The optimal amount of phenylacetic acid over a wide range of pH has not 
been systematically determined; however, best penicillin yields were obtained 
in the surface cultures with phenylacetic acid at 0.3 to 0.4 g per liter and an 
initial pH of 5.0 to 5.8. 

The role of whole-wheat bran in bringing about a marked increase in the rate 
of penicillin accumulation is not clearly understood. The fungus growth sur- 
rounded the bran particles to form soft, “fuzzy” pellets. This bran contained 
about 50 per cent starch, but the addition of an equivalent amount of starch 
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or aqueous bran extracts had little, if any, effect on penicillin yields. The brn 
cultures gave a much more rapid growth than the control cultures and a r.cr 
maximum yield of penicillin was obtained before the medium became vcn 
alkaline. The apparent change in the type of penicillin was encountered ork 
upon addition of bran to cultures containing the phenylacetic acid. It sce-ii 
likely that a difference in the stability of the various types of penicillin at tb 
various pH levels in the culture medium would have as much effect on the a»n' 
ratio as might result from alteration in the proportion of types of penicilL: 
actually produced. 

Phenylacetic acid has been regarded as a “building block” in the synthcjj 
of penicillin G. Thus phenylacetic acid would not be effective in the synthe- 
sis of the F and K types which do not contain the benzenoid ring structure. 
At the time these investigations were made, all differential assay ratios were 
interpreted in terms of penicillins F and G only. It is now generally knowr. 
that penicillin X is present in fairly large amounts in surface cultures awl to 
some extent in submerged cultures. Penicillin X gives a high ratio in the 
differential assay. Since no quantitative separations of the various types d 
penicillin were made during the course of these investigations, all dcductio^ 
as to penicillins present were originally based on the differential assay (ScluiiiUi 
et al., 1945) with S. aureus and B. sublilts. No significant change in type G 
penicillin produced in culture could be directly attributed to phenylaccti. 
acid ivith the possible exception of those cultures containing wheat bran, k 
both surface and submerged cultures there was a pronounced increase in the 
total penicillin yield due to the addition of phenylacetic acid to the culturi 


medium. The failure, normally, to show a change in the proportions 


of tbi 


types of penicillin produced in the presence of phenylacetic acid may bo do* 
to the liigh concentrations of corn steep liquor employed, to certain inw-. 
quacies of the differential assay, and to possible differences in stability of 
penicillins at various pH levels in the culture medium. 


SUMMARY 

Marked increases in total penicillin yield were obtained in surface cultuiti 
of Penicillium noiaium NRRL 1249.B21 and in submerged cultures o ■ 
notalum NRRL 832 and Penicillium. chrysogenum 1951.B25 by theadililion 
phenylacetic acid. . . 

The to.xicity of phenylacetic acid was closely associated wth the 
acidity of the culture medium. This to.xicity could be sufficiently 
by raising the pH prior to inoculation or by adding the phenylacetic acid on-|> 
the fermentation after the pH of the medium has risen above the critical 
Only in the presence of whole-wheat bran in submerged culture was d k- 
sible to obtain- evidence that phenylacetic acid had an effect on the typ- 
penicillin produced. .^.j 

The optimum concentration of phenylacetic acid was not clearly detcr-mi*- 
but it appears to be between 0.2 g and 0.8 g per liter of culture medium. 
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The phagocytic reaction is complex, separable into three fundamental stages: 
(1) sensitization of the particle by serum components, (2) ingestion of the sensi- 
tized particle by the phagocyte, and (3) disposal of the ingested particle. The 
unqualified term “phagocytosis” has come to refer largely to the process of 
ingestion -without definite consideration either of events preceding this second 
step or of those following it. It is not our intention to criticize this practice, 
but to emphasize the complexity of the phenomenon of phagocytosis and its 
importance in the analysis of experimental results. The present study attempts 
to separate the first two stages of the reaction, i.e., sensitization of the organisms 
and actual ingestion, each process being subjected separately to temperature 
alterations. 

Most reports in the literature have sho-ivn that opsonization at 37 C is more 
effective than at lower temperatures. Bulloch and Atkin (1905), however, 
found that opsonin was lost from fresh normal serum after incubation \vith 
Staphylococcus albus for 10 minutes at either 0 C or 37 C. An experiment by 
Dean (1905) suggested that Staphylococcus aureus was ingested ten times as 
readily following incubation with heated normal serum for 30 minutes at 
37 C as folio-wing a similar incubation at 6 C or 8 C. Ledingham (1908) observed 
the amount of ingestion of Staphylococcus aureus follo^ving sensitization at 
37 C to be greater than that following sensitization at 0, 7, or 18 C. Sellards 
(1908) like-wise claimed that opsonization at 37 C led to more phagocytosis than 
opsonization at 0 C for 15 minutes. 

The studies to be summarized in this paper have attempted a reinvestigation 
of temperature influences, employing a different temperature range and rotation 
of phagocytic systems, a technique introduced since the earlier studies. 

METHODS 

In each of the experiments, exudative polymorphonuclear leucocytes were 
obtained from the peritoneal cavity of a guinea pig previously injected with a 
sterile irritant, and fresh normal serum Avas recovered by cardiac puncture of 
the same animal. The general procedure followed in the collection and prepa- 
ration of these materials was the same as that described in a previous report 
(Harmon, Zarafonetis, and Clark, 1946). 

The test organism was Staphylococcus aureus, a -viable suspension in saline, 
prepared every 6 weeks. The bacteria and senun (0.1 ml of each) Avere incu- 

* Aided by grants from the Wisconsin Alumni Research Foundation. 
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bated at the desired temperature for a period of 30 minutes, leucocytes (0.1 d) 
were then added and the complete system was incubated 5 minutes more. Thi 
terms “sensitization” and “opsonization” will be used throughout to refer U 
the incubation of serum and organisms before the addition of phagocjts. 
The term “phagocytosis” -will denote incubation of the complete system, tbi 
leucocytes being added after the sensitization period. Preparations wm 
made from 0.02 ml of the mixture placed on each of several slides; the fJa 
were dried quickly, stained with methylene blue, and examined. In order te 
eliminate any element of personal bias in examination, descriptive hibelirj 
on each slide was covered -with adhesive tape and an arbitrary number assigned 
to each slide. Estimation of the extent of phagocytosis was accomplbhcd 
by recording the percentage of leucoc 3 rtes taking part in the reaction (Hamburger, 
1912). A rough phagocytic inde.x (Leishman, 1902) was also obtained by note; 
the percentage of leucocytes which ingested more than 5 bacteria. Sir.« 
these two determinations and that of a strict phagocytic index appeared to exhibit 
the same trends with variations in temperatures, the determinations included 
in final analysis' have been limited to the total percentage of phagocytes acli«. 
Two hundred cells were counted on each slide, and two slides were e.xanuEcd 
for each set of conditions studied, thus making a total of 400 cells for eacb 
determination. 

The first series (experiments 21 through 30) was designed to study the e[f«‘< 
of increasing temperature from 37 to 40 C. Two portions of bacteria weis 
sensitized at 37 C and then subjected to phagocytosis at 37 and 40 C, respectively, 
two other portions of bacterial cells were sensitized at 40 C and phagocytiKd 
at 37 and 40 C, respectively. The period of opsonization was 30 minutes, tw< 
of phagocytosis was 5 minutes. In this series, sensitization was effected without 
rotation of the bacteria and serum, but during incubation of the comp,t" 
system, the tubes were rotated mechanically end-over-end at the rate of -o 
revolutions per minute. 

In the second series (experiments 31 through 36), we employed temperaturv^ 
22 and 37 C, ndth methods similar to those of the previous e.xperiments cxcq> 
that sensitization also was carried out in a rotat'mg tube rather than in astatit- 
ary one. Controls to determine the relative amounts of phagocytosis 
5 minutes at 22 and at 37 C were included in experiments 32 through 3 , 
previous period for sensitization was employed in these controls. 


RESULTS 


Comparisons have been made on the basis of the total percentage of phagM)'-^^ 
active under the conditions described. In order to compare two sets o 
ditions, the total percentage of phagocytes active at the lower 
of opsonization or phagocytos'is was divided into the total percentage of p--’' 
cytes active at the higher temperature. Thus a figure of comparison 
than 1.00 indicates that increased temperature was favorable to opsonix— ^ 
or phagocytosis, as the case may be; a figure less than 1.00 indicates that 
temperature inhibited opsonization or phagocytosis. The results arc — ^ 
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oaarized instable 1. As judged from the average comparative figures at 37 and 
it 40 C, the higher temperature favored opsonization, regardless of the temper- 
iture of phagocytosis. Plowever, these mean averages are somewhat misleadMg. 

TABLE 1 

The effect of temperature changes upon opsonization and phagocytosis of Staphylococcus aureus 


EfiFect of Increased Temperature upon 


£XPT. NO. 

OPSONIZATION* 

PHACOCYTOSISt 

•10-37 C 

37-37 C 

40-40 C 

37-40 C 

37-^0 C 

37-37 C 

40-40 C 

40-37 C 

21 


1.39 

■■ 


22 


0.86 



23 


1.43 

0.96 


24 


0.91 

1.03 


- 25 


1.03 

1.00 


26 

0.97 

1.03 

1.13 


27 

1.01 

0.83 

1.43 

1.14 

28 

1.30 

1.23 

1.37 

1.29 

29 

1.12 

1.26 

1.06 

1.19 

30 

. 0.93 

1.16 

1.01 

1.27 

Average ■. . . 

1.10 

1.11 

1.18 

1.17 


37-22 C 

37-37 C 

22-37 C 

37-37 C 


22-22 C 

22-37 C 

22-22 C 

37-22 C 

31 


1.00 

■n 

1.67 

32 


0.57 


1.34 

33 

0.78 

0.68 

1.49 

1.29 

34 

0.77 

0.69 

1.39 

1.33 

35 

0.48 

0.73 

0.97 

1.49 

36 

0.61 

0.94 

1.18 

1.78 

Average 

0.71 

0.77 

1.38 

1.48 


* Values obtained by dividing total per cent of phagocytes active after opsonization of 
bacteria at the higher temperature by total per cent of phagocytes active after opsonization 
of bacteria at the lower temperature — phagocytosis temperature constant, opsonization 

temperature varied — e.g., ^ first figure that of opsonization temperature, second that 

C 

of phagocytosis temperature. 

t Values obtained by dividing total per cent of active phagocytes following phagocytosis 
at the higher temperature by total per cent of active phagocytes at the lower temperature — 
. . . , 37-10 C 

opsonization temperature constant, phagocytosis temperature varied — e.g., first* 

figure that of opsonization temperature, second that of phagocytosis temperature. 

In experiments with phagocytosis at 37 C (table 1) only 6 of 10 tests showed 
greater phagocytosis when opsonization was effected at the higher temperature, 
and in 2 of these (experiments 23 and 27), the increases were insignificant; 
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experiment 22 was responsible for the liigher average. 'UTien phagocv;,i 
was conducted at 40 C, opsonization at the higher temperature was more clTtcJ : 
in 7 of 10 tests; but here, again, the increases in 2 e.xperiments (expert;: j 
25 and 26) were so slight as to be negligible. In this case (phagocytosis .at IOC , 

however, the average value is more significant since the extremes are nc’. • 
marked. 

With 22 and 37 C, opsonization at the lower temperature avas cieli:?.,!; 
more effective than at the higher (table 1) whether subsequent pliagocrt .-r 
was conducted at 22 or 37 C. Opsonization at 37 C followed by phagoc}!^! 
at 37 C in experiment 31 was the same as that at 22 C, but this was the ex'; 
mstance in 12 comparisons (phagocytosis at 22 and at 37 C). 

Ihe effect of temperature increases upon ingestion of bacteria already .hx;- 


TABLE 2 

The effect of previous opsonization of Staphylococcus aureus upon the extent oj 
subsequent phagocytosis 

Relative Amount of Phagocytic Activity when Preceded by Opsonization 

IrEiTPEKATURES OF OPSONlZATlON-PnACOCVTOSIS COMPARED WITH rHACOCMCi:! 1^'-* 


EXPT. KO. 



22-22 C 

37-22 C 

22-37 C 

jr-jic 


22 C 

22 C 

37 C 

nc 

32 

1.99 

1.45 

1.06. 

o.co 

33 

1.20 

0.95 

o.so 

0.51 

34 

1.44 

1.04 

0.78 

0.51 

35 

1.60 

0.77 

0.71 

0.51 

36 

1.75 

1.06 

0.89 

O.Sl 

Average. . . . 

1.59 

1.05 

0.85 

O.CO 


• Values obtained by dividing total per cent of phagocytes active following both dI- -' 
ion an p agocytosis at the indicated temperatures by that following phagoc)*'^ 

alone at the temperature indicated, e g 9 

22 C ■ 


tized was more marked. _ In experiments in which 37 and 40 C were comF'-: 

^ ^Gterniinations showed more phagocytosis at 40 C than at 3( 

aberrant results occurred when preliminary sensitization Iiad U - 
at d7 C (e.xperiments 21 and 23), one with opsonization at 40 C (e.xpcrimen! 7: ■ 
MU one showed exactly the same result at the two phagocytic tcmpcfx'.x'-; 
e.xpenment _5, opsonization at 37 C). However, the increased values 
m three of the remaining tests were small (e.xperiments 2-1 and 30 with op ••• 
za ion ^ ' I and e.xperiment 24 with opsonization at 40 C). Oa " . 

results we have considered only values of 1.05 and 
^ CwJit. rha^iee effect of temperature increases ov'cr this ran;;'' th ^ 

^ more n^t id and more consistent upon phagocytosis th:x^ '• 

opsoni^tion can be^case i.by a comparison of the “opsonization” and “l-p- ' 
c> Oils columns in t ops 1. The greatest single effect of temperature h-;--- 
W...O t upon phaga^ tOsLs as the temperature was raised from 22 to J* 
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in only 1 of 12 comparisons was phagQcji;osis less at 37 C than at 22 C; this 
ixception followed sensitization at 22 C (experiment 35). 

After the observation made in experiment 31 that opsonization was less 
iSective at 37 C than at 22 C, some doubt arose in our minds as to whether 
preliminary incubation of bacteria and serum enhanced subsequent phagocidosis 
it all. Therefore, in experiments 32 through 36 we included a control consisting 
if bacteria, serum, and leucocytes mixed only during the period allowed for 
phagocytosis (i.e., 5 minutes). Relative amounts of phagocytic activity oc- 
jurring in these tubes as compared with those subjected to 30 minutes’ 
preliminary sensitization of the bacteria are considered in table 2. Figures 
if comparison were obtained in the same manner as in table 1, but for table 2 
the total percentage of active phagocytes following both opsonization and phago- 
jytosis at the indicated temperatures was dimded by that following phagocytosis 
srith no previous opsonization at the corresponding temperature. 

Except when both opsonization and phagocjdosis were studied at 22 C, the 
preliminary period failed to increase substantiall 3 '’ the final phagocytic activity. 
The average amount of phagocjdosis at 22 C was somewhat greater with pre- 
linunary opsonization at 37 C, but this occurred in onty 3 of 5 detenmnations 
Eind 2 of these tests (experiments 34 and 36) did not show marked differences. 
Five minutes of phagocytosis at 37 C was more effective than phagocidosis 
following 30 minutes’ opsonization at either 22 C or 37 C; only 1 of 10 determi- 
aations (e.xperiment 32, sensitization at 22 C) disagreed with this trend. 

DISCUSSION 

In the 37 to 40 C series, opsonization at the higher temperature (30 minutes’ 
stationary incubation) tended to be more effective than that at 37 C as de- 
termined by the extent of subsequent phagocjdosis. When 22 and 37 C were 
compared (tubes rotated during 30 minutes of incubation), however, the increase 
in temperature consistently decreased the amoimt of opsonization. Such find- 
ings are in disagreement with those of Dean and of Ledingham, for both these 
investigators reported greater phagocjdosis of Staphylococcus aureus following 
preliminary incubation of the bacteria with serum at 37 C than at lower tem- 
peratures. The data of table 1 suggest that the preparation of bacteria for 
ingestion proceeds better at 22 C than at 37 C, but the results given in table 2 
in^cate that more phagocytosis occurs at 37 C without anj'- previous incubation 
of bacteria and serum. 

In view of these findings, it seems likely that there is some inhibitorj' reaction 
proceeding during the preliminary incubation of bacteria and sferum, thus adding 
a fourth factor to be considered in “phagocytosis.” WTiat may be the nature 
of such a reaction cannot be stated, but the incubation of mable organisms in the 
presence of cell-free, fresh, normal serum is perhaps important. It is doubtful 
that such serum is sufficiently inhibitory to the organism to prevent all metabolic 
activity, and the fact that this hypothetical inhibitory reaction occurs more 
readily at 37 C than at 22 C, but apparently no better at 40 C than at 37 C, 
further suggests the metabolic nature of the phenomenon. 

The possible toxic effects of viable organism on phagocyte may be in these 
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investigations part of the answer. Since a coagulase-positive strain of Slaph'j'i>- 
coccus aureus was employed in these studies, the question of coagulasc as inliibi- 
tory agent must be raised. Hale and Smith (1945) observed that certain strairs 
of Staphylococcus aureus were able to coagulate guinea pig plasma, and, as a 
result, the organisms were ingested less readily by polymorphonuclear leu- 
cocjdes; our strain had this characteristic. This may have been a factor in our 
experiments, for the blood recovered for serum was centrifuged as rapidly as 
possible after collecting, and plasma may have been present in sufficient quantity 
for the coagulase reaction. We have not attempted to determine the effects cf 
temperature and time of opsonization upon coagulase activity in these systcnu 
and can, therefore, offer this only as a possibility wth regard to the inhibitor)' 
mechanism. The study of other organisms in such systems would be of valuj 
in a continuation of these investigations, as well as the effect of temperature 
variation and other factors upon the phagocytic cell itself. 

Hale and Smith (1945) mentioned also that there was a brief delay during 
which no apparent inhibition of phagocytosis by coagulase-positive straiiu 
occurred. This point may be important, since we have shown in an c.arlicr 
paper that ingestion increases regularly \vith elevation of temperature over tir 
range of 22 to 42 C, when mixtures were rotated for ten minutes without previoa 
incubation of bacteria with normal serum. In that series of experiments it wi 
noted that the average amount of phagocytic activity following rotation c 
guinea pig phagocytic systems with Staplujbcoccus aureus at 37 C was ovci 
twice as much as that which followed incubation at 22 C. The highest figuri 


observed in the present studies did not approach this, and the average increast 
was even less. However, in the simple phagocytic tests without previous sen 
sitization included in e.xperiments 32 to 36, a figure similar to that of the carlici 
experiments ■was obtained when phagocytosis was compared at 22 and at 37 
The influence of temperature changes upon phagocytosis (opsonization tcriv 
peratures constant) following preliminary opsonization at any given tempcraluie 


is considerably more clear-cut. This was true of the 37 to 40 C series and even 
more so in the 22 to 37 C group. This effect, in addition to being more consistent, 
was quantitatively more marked than the corresponding effect upon opsonization. 

It should be stressed that fresh normal serum has been employed in all of 
these investigations; the role of complement has not, therefore, been separate!/ 


studied. Tests employing inunune serum should lead to more clear-cut separa- 


tion of the relation of the thermolabile and the thermostable serum fractioni, 


those which act specifically as well as those which are nonspecific. 


SUMMARY AND CONCLUSIONS 

In phagocytic sj-stems composed of guinea pig e.xudative leucocytes, fresa, 
normal guinea pig serum, and Staphylococcus aureus, previous sensitization 
the organisms at 40 C tended slightly toward a greater amount of ingestion - 
either 37 or 40 C than did opsonization at 37 C. Phagocytosis at 40 C fol!o.'-4 
preliminary’’ opsonization of bacteria at either 37 or 40 C resulted in more p-na- 
cytic activity than at 37 C. 
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With 22 and 37 C as test temperatures, opsonization (as measured by subse- 
quent phagocytosis) was impaired by the higher temperature but phagocytosis 
was enhanced by it. Phagocytosis at 37 C was decreased by any preliminary 
incubation of viable organisms and fresh normal serum. Such inhibition was 
more marked when preliminary incubation occurred at 37 C than at 22 C. 
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RELATION BETWEEN THE RATE OF GROWTH OF A MUTANT 
STRAIN OF ESCHERICHIA COLI AND THE EFFICIENCY OF 
ITS UTILIZATION OF ARGININE 

J. O. LAMPEN* AND M. J. JONES 

Chemotherapy Division, Stamford Research Laboratory, American Cyanamid Company, 

Stamford, Connecticut 

Received for publication December 26, 1946 

A mutant strain of Escherichia coli that requires the addition of arginine for 
grotvth was isolated in this laboratory by Roepke et. al. (1944) follotving serial 
transfer of the parent culture in a complete medium. This strain (1572-228)“ 
is imable to utilize citrulline or ornithine for growth even in the presence of 
limiting concentrations of arginine.“ During studies on the determination of 
arginine by the use of this mutant strain, we observed that the final turbidity 
reached by the organism wth limiting concentrations of arginine was decreased 
by the addition of an arginine-free mixture of amino acids and growth factors or 
of a yeast extract preparation which had been freed of arginine by alkaline 
hydrolysis. This effect of supplements was similar to that noted in experiments 
with mutant 532-171, which requires the addition of methioniue for growth 
(Lampen et al., 1947). 

This report deals mth the conditions under which the decreased final turbidity 
is observed and the effect of this phenomenon on the assay of arginine in protein 
hydrolysates. 


EXPERIMENTAL 

The basal medium (glucose, asparagine, and salts) and the general methods 
employed have been reported previously (Lampen et al., 1947). Arginine-low 
natural materials were prepared by alkaline hydrolysis. This treatment con- 
verts arginine to citrulline and ornithine (Fox, 1938). Ten-gram samples of 
Difco yeast extract or of Difco peptone were dissolved in 100 ml of 5 N NaOH 
and autoclaved at 15 pounds’ pressure for 1 hour and for 3 hours. The hydro- 
lyzates were neutralized wth 10 n H2SO4 and diluted to 200 ml. Each ml was 
then equivalent to 50 mg of the original material. The yeast extract had con- 
tained 0.16 per cent arginine (by assay with the mutant strain) before hydrol- 
ysis and the peptone 3.9 per cent. After 1 hour of hydrolysis the yeast extract 
did not support growth of the mutant at concentrations to 50 mg per 10 ml 
(< 0.02 per cent arginine) whereas the peptone still contained 0.2 per cent 
arginine after 3 hours. A yeast extract sample hydrolyzed 1 hour was employed 
in the experiments described here. 

’ Present address: Department of Biological Chemistry, Washington University School 
of Medicine, St. Louis, Missouri. 

* This strain is available from the American Type Culture Collection, Georgetown Uni- 
versity, Washington, D. C., as no. 9661. 

’ Lampen, J. O., and Jones, M. J., unpublished data. 
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The extent of growth was determined \vith a photronreflectometer (Libby, 
1941). With our instrument one unit of galvanometer deflection is equiva!-.;*, 
to 13.4 million cells of Escherichia colt per ml. 

RESULTS 

The effect of the addition of the arginine-low yeast extract preparation « 
the response of the mutant to arginine is illustrated by figure 1. The fin:il tur- 
bidity with limiting concentrations of arginine was about 30 per cent less in thj 
presence of the supplement. The maximum growth obtained with exccJ 



l- ARUniNE PER 10 ml. 

Fio. 1. The Respo.sse op Muta.nt 1572-223 to I-Aroinine 
O Basal medium. 

X Basal medium plus 25 rag per 10 ml of au alkaline hydrolyzatc of yeast extract. 


arginine was generally increased slightly. The latter eflect may be due to 
buffering action of the yeast extract preparation. Similar results were 
when an arginine-free mixture of amino acids and growth factors (as ui£ -- 
Rcepke et al., 1944) was added in place of the yeast extract preparation. 

When protein hydrolyzates were assayed using the unsupplemcnttu 
medium, the apparent arginine content of the samples decreased as tr.t. 
concentration was increased. This effect is probably due to the depre^io^ ^ 
of the other amino acids present on the response of the mutant to arginine. 
values obtamed under these conditions (table 1) were considerably lo'-'£* 
those reported in the literature. In the presence of the alkaline bydroli— - 
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the yeast extract the effect of the amino acids of the test sample was no longer 
significant. The apparent arginine content of the test samples increased and 
the values were constant at varying concentrations of the test sample. With 
a concentration of 20 to 30 mg of the yeast preparation per 10 ml, the values 

TABLE 1 


Effect of an alkaline hydrolyzale of yeast extract on the apparent arginine content of proteins 



ASOtNISE COSTEKT %t 


PIOTEIN* 

Alkaline hydrolyzate of yea^t extract mg per 10 ml 

LtT£2ATa££ 

% 


None 

10 

20 

25 

30 


Ovalbumin! 

4.45 

5.2 

5.6 

5.6, 5.7 

5.S 

5. 6, § 5.6611 

Horse hemoglobin! (once 
recrystallized) 

2.S5 

3.2 


3.6 


3.5, § 3.5911 

Casein Hammaraten (Merck) 

1 

3.0-3.3 

(3.15)^ 

3.3 


3.45-3.8 
(3.65) ^ 




* All samples were hydrolyzed by autoclaving for 10 hours at 120 C with 10 per cent HCl 
in a sealed tube. 

t All values are based on measurements of turbidity after 20 to 24 hours of incubation, 
t These samples were obtained through the generosity of Dr. E. E. Snell and were those 
analyzed by McMahan and Snell (1944) . 

§ McMahan and Snell (1944). 

II Vickery (1940). 

H Average of 4 e.xperiments. 


TABLE 2 


Relation between logarithmic phase growth rale and final response of mutant 
1373-228 lo arginine 


l-AICIKINE 

ALKALINE HYDBOLVZATE OP 
YEAST EXTRACT 

VELOCITY CONSTANT (^)* 

TURBIDITY READING AT 

24 HOURS 

fiS per 10 ml 

mg per 10 ml 

50 

0 

0.83 

34 

50 

25 

1.36 

25 

100 

0 

0.90 

67 

100 

25 

1.39 

47 

200 

0 

0.89 

96 

200 

25 

1.39 

101 


2 30 ^ 

* ^ ~ m ;;r log N^/Ni where N = millions of cells per ml; T = hours of incubation. 

Iz — Ti 


'btained were comparable to those in the literature (table 1). Recoveries of 
■dded arginine have ranged from 96 to 112 per cent in several experiments using 
mg of the yeast preparation per 10 ml. The NajSOi concentration under 
hese conditions was 0.0625 m. Neither the final turbidity nor grovrth rate of 
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the mutant on the basal medium containing limiting concentrations of arginu".,' 
was significantly affected by the addition of this concentration of Na.SO,. 

The relation between the logaritlimic phase growth rate and the final rcspor.;.' 
of the mutant to arginine in shown in table 2. The addition of the alblL'-; 
hydrolysate of yeast extract increased the logarithmic phase velocity constj;’. 
54 to G3 per cent, bub reduced significantly the final response of the niut;uit to 
limiting concentrations of arginine. With excess arginine, appro.ximately th.' 
same maximal turbidity was reached in this experiment in the presence and ab- 
sence of the yeast preparation. The lag period was unchanged (ca. 2 hour:) 
by the addition of the hydrolyzed yeast. There is then an inverse relati-a 
between the rate of growth and the final growth obtained with limiting cvr.- 
centrations of arginine. The effect of supplementation on the response of th: 
mutant to arginine appears analogous to that observed \vith a methionh:- 
requiring strain of Escherichia colt (Lampen et al., 1947). 

SUMMARY 

The final response of an arginine-requiring mutant strain (1572-228) of iVhr- 
ichia coli to limiting concentrations of arginine is reduced by the addition (.! 
an arginine-free mixture of amino acids and growth factors or of an alkal;:-: 
hydrolyzate of yeast extract. This reduction in final response occurs und-.*' 
conditions in which the logarithmic phase groarth rate is increased. Thus th.'- 
appears to bo an inverse relation between the growth rate and the efficiency c! 
arginine utilization by the mutant strain. 

In the presence of the yeast preparation the values obtained for the arguic: 
content of protein hydrolyzates are in agreement with those obtained by the a-' 
of other procedures. 
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MICROMONOSPORIN, AN ANTIBIOTIC SUBSTANCE FROM A 
LITTLE-ICMOWN GROUP OF MICROORGANISMS^ 

SELMAN A. WAICSMAN, WALTON B. GEIGER, and ELIZABETH BUGIE 

New Jersey Agricultural Experiment Station, Rutgers University, 

New Brunswick, New Jersey 

Received for publication December 30, 1946 

The genus Micromonos'pora belongs to one of the least-known genera of the 
Aclinomijcetales (Waksman and Henrici, 1943). It comprises both mesophilic 
and thermophilic forms and is found in soils, in manure and composts, in lake 
bottoms, and in other natural substrates. The micromonosporae are character- 
ized by the formation of single spores on side branches. Several species have 
now been recognized. 

In a survey of the distribution of antagonistic properties among the actinomy- 
cetes (Waksman, Homing, Welsch, and Woodruff, 1942), a strain of Micro- 
monospora was found to produce an antibiotic substance that was active against 
various gram-positive bacteria. This organism possessed rather interesting 
physiological properties. It grew in stationary liquid media or on solid media 
only to a very limited extent, producing an orange to brown slimy growth, with 
a smooth and shiny surface, which later turned bro^vn or almost black. How- 
ever, in an aerated submerged condition, this organism grew very abimdantly 
in the form of orange-colored compact clumps of “colonies” which nearly filled 
the culture flask; the medium itself remained clear. 

The organism grew well on glucose and starch media, the latter being rapidly 
transformed to reducing sugar, which accumulated in the medium. Organic 
sources of nitrogen were preferred to the inorganic forms. The organism was, 
therefore, grown in a starch tryptone medium in a submerged state. Under 
these conditions, the organism hydrolyzed all the starch (900 mg dry raw starch 
per 100 ml of medium) and produced, in 5 days, 250 mg cell material on a dry 
basis; about 225 to 250 mg of reducing sugar was accumulated. The pH of the 
medium usually became alkaline in glucose media and acid in starch media. 

Five- to seven-day-old culture filtrates gave an activity of 1,000 to 3,000 
dilution rmits against Bacillus sublilis, but only 100 units against Staphylo- 
coccus aureus and Sarcina lutea] gram-negative bacteria were not affected. The 
results of a typical experiment are brought out in table 1. When the culture 
filtrate was removed and fresh medium added, a considerable amount of activity 
was again produced. The nature of the replacement medium did not seem to 
have any appreciable effect, since even distilled water gave nearly as high activity 
as the complete medium. 

The antibacterial substance produced in the medium did not dialyze through 

* Journal Series paper, New Jersey Agricultural E.xperiment Station, Rutgers University, 
Department of Microbiology. 
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a collodion membrane; it was adsorbed by norit, but could be removed therefr 
either by aqueous buffer solutions or by common organic solvents. 

The active substance was not stable when the pH was adjusted to less tl 
3.0 or to greater than 9.0; about two-thirds of the activity was lost in 1 b 
when the filtrate was heated at 100 C. Pepsin and trypsin were without eiT 
on its activity. 


TABLE 1 


Influence of carbon source on Ihc growth of Micromonospora sp. and on the 
production of micromonosporin 





GLUCOSE UC 


1 UNITS or ACTIVIIT 


CAUON SOUZCE 

NITSOCEN 

INCUDATION 

PEE too UL 

CEOWm MC 







UEOltm* 


B. subiitis 


■ 

Glucose 

Tryptone 

4 

820 

55 

>300 

100 


Starch 

Tryptone 

4 

190 

178 

>300 



Starch 

NaNO, 

4 

0 

Trace 

30 

■1 


Glucose 

Tryptone 

6 

745 

85 

>1,000 




Tryptone 

6 

197 

277 

100 




N.aNO> 

6 

22 

57 

<10 

10 


Glucose 

Tryptone 

9 

715 

98 

500 

30 

7,J 

Starch 

Tryptone 

9 

135 

351 

150 

10 

i.i 

i 

Glucose 

Tryptone 

13 

685 

134 

300 

so 


Starch 

Tryptone 

13 

62 

356 

>300 

30 



• Original medium contained 920 mg reducing sugar. 


TABLE 2 


The isolation and actiaity of micromonosporin 


rXEPAXATlO.V 

VOLUUE 02 
WEIGHT 

ACTIVTTV LS DILUTION UNITS PZS UO 0« 

S. aureus 

B. mycoUes 

B. jubtUis 

s.:^‘ 

Culture filtrate 

Filtrate from (NHi):SOj, ppt 

Final dialyzed solution 

Residue after lyophilizing 

Acetone e.\tract of mycelium 

Residue from acetone e.\tract 

1,500 ml 

75 ml 
78 mg 
100 ml 
163 mg 

25 

<100 

200 

30,000 

3,000 

200,000 


300 

<100 

3.000 

800,000 

30,000 

20,000,000 

If- 

10,0- 

o.cco/.'- 


The antibiotic could be precipitated from the filtered culture mceJiua ■ 
saturation with ammonium sulfate. The chocolate-brown precipitate ■< 
removed on filter cel, washed with a saturated solution of ammonium 
and dissolved in 75 ml of a 5 per cent solution of sodium chloride. *■ 
tion was dialyzed for 1 day against running tap water and for 2 da,.^ 
against distilled water, and finally lyophilized. The dry residue now 
only with difficulty in 5 per cent sodium chloride. The product gave a <■ 
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strong positive test for carbohydrate by the Molisch reaction, the phloro- 
glucinol, orcinol, and naphthoresorcinol reactions being negative; it contained 
G.7 per cent nitrogen, and on hydrolysis with 0.5 ml of boiling 6 n hydrochloric 
acid for 16 hours, it gave 5.5 per cent amino nitrogen. 

The mycelium removed by filtration from this culture was treated with 
acetone. Jlhe acetone e.xtract was of a bright orange color. On adding an 
alcoholic ferric chloride solution, there was no color change. The orange color 
of the acetone extract was changed to red on adding dilute potassium hydroxide. 
Sodium hydrosulfite bleached the color to yellowish, and the extract oxidized 
hydriodic acid to iodine. AVih’ster reagent was not affected. The antibiotic 
activity of the different fractions is given in table 2. 

A more detailed chemical analysis of the preparation obtained from the culture 
filtrates showed it to be a highly pigmented and very imstable protein, associated 
with a carbohydrate, which has the solubility of an albumin. The preparation 
obtained from the mycelium by extraction with organic solvents appears to be a 
pigment with some of the characteristics of a quinone. The bacteriostatic 
spectra of the two substances are much alike. Neither is effective against gram- 
negative bacteria, such as Escherichia coli. Both show their greatest action 
against B. sublilis, with progressively less action against S. lulea, and least activ- 
ity against S. aureus and Bacillus mycoides. As a working hypothesis, one may 
suggest that the organism secretes a pigment in combination \vith a protein, 
whereas the mycelium contains the free pigment. 

REFERENCES 

Waksman, S. a., and Henbici, A. T. 1943 The nomenclature and classification of the 
aotinomycetes. J. Bact., 46, 337-341. 

Waksman, S. A., Horning, E. S., Welsch, M., and Woodruff, H. B. 1942 Distribution 
of antagonistic actinomycetea in nature. Soil Sci., 64, 281-296. 




NOTES 


CHANGES INDUCED IN THE NONSPECIFIC ANTIGENS OF 

SALNIONELLAi 
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Department of Animal Pathology, Kentucky Agricultural Experiment Station, 

Lexington, Kentucky 

Received for publication November 29, 1946 

Edwards and Moran (Proc. Soc. Exptl. Biol. Med., 61, 242) referred to the 
changes produced in Salmonella H antigens in vitro by gro^vth in agglutinating 
serums. The present note deals with hitherto imdescribed changes brought 
about in the nonspecific phases of Andrewes. 

S. newport (VI, VIII: e, h-1, 2, 3 . . .) was changed to a form indistinguishable 
from S. pueris (VI, VIII: e, h-1, 2 . . .) by growth in serums which contained 
agglutinins for phase 1 (e, h) and for single factor 3. S. thompson (VI, VII: 
k-1, 5 . . .) was transformed into a culture serologically identical with S. Cardiff 
(VI, VII; k-1, 10 . . .) by groivth in serums for phase 1 (k) and single factor 5. 
S. panama (IX, XII: 1, v . . . -1, 5 . . .) was changed to a form resembling 5. 
ilaliana (IX, XII: 1, v . . . -1, 11 . . .) by growth in serum containing agglutinins 
for phase 1 (1, v . . .) and for single factor 5. 

The cultures to be changed were placed in semisolid medium to which appro- 
priate serums were added. The serums immobilized the cultures until changes 
in the antigens of phase 2 allowed that phase to spread through the medium. 
The changed cultures were diphasic. 

In addition 1,2... phases were obtained from the natural 1, 2, 3 . . . phases 
of S. Oregon and S. vejle; 1, 10 . . . phases were derived from the 1,5... phases of 
S. koilbus, S. javiana, S. Zanzibar, S. Uganda, and S. soil; and a 1, 11 . . . phase 
was obtained from the 1,5... phase of S. shangani. It was sho\vn previously 
by ICauffmann (personal co mmun ication) that the 1, 5 . . . phases which yielded 
1) 10 . . . differed serologically from those which gave rise to 1, 11 ... . 

It should be emphasized that the changes produced in the organisms mentioned 
above in no way invalidate the Kauffmann- White classification, which is used 
for diagnostic and epidemiological purposes. It is thought that studies in 
induced variation may yield valuable information on the origin of the numerous 
serological types which occur in nature. 

^The investigation reported in this paper is connected with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director. It was 
supported in part by a research grant from the U. S. Public Health Service. 
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THE USE OF FRAGMENTED MYCELIAL INOCULUM IN THE 
CULTURE OF FUNGP 

WILLIAIVI W. DORRELL and ROBERT M. PAGE* 

Camp Delrtck, Frederick, Maryland 
Received for publication December 6, 1946 

Savage and Vander Brook (J. Bact., 62, 385) have recently reported the us 
of fragmented mycelia of Penictllium notatum NRRL 832 and Penicilliumckysii- 
genum NRRL 1951 as inocula in the production of penicillin. They found that 



Fig. 1. Apparatus for Aseptic Mincing .vnd Transfer of Mycelial Inocola 

Four-L pyrex culture bottle. B.Duraglass fruit jar mounted on Waring‘'bIen[loL 
Fyrex aspiMtor bottle._ The culture is grown in bottle A, air being introduced at 
•i: >s wapped with cotton. The remainder of the apparatus isst 

ilized with tubes J, K, I., and P disconnected and wrapped with cotton. After assenibb . 
shown, tube E is disconnected from the air line, tube N attached to an aspirator, clampu 
closed, and jar B half filled by inverting bottle A. After this sample is minced, the susP . 
mon IS drained into bottle C by inverting jar B. The operation may then be repeale ■ 
Tube K is then clamped and disconnected. The minced inoculum can be drained an 
pensed through tube P. 


mycelium minced in a Waring “blender” and diluted as much as 1 : 40,000 times 
adequately substituted for untreated mycelium used at a 1 : 10 dilution. 

We Msh to report our experience in the use of a similar technique ivith othef 
species of fungi and the development of simple equipment for handltog t * 
minced mycelium aseptically. Material so prepared has been found Sat'S" 

^ From studies conducted at Camp Detrick, Frederick, Maryland, from May, 
August, 1946. 

* Formerly Captain, CWS, and 1st Lt., CWS, respectively. 
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factory for use in shaker flask experiments and as inoculum for large batches of 
media. 

When a substantial quantity of minced mycelium was required, the equipment 
shown in figure 1 was employed. The mincer consisted of a Waring “blendor” 
on which the normal vessel was replaced by a one-quart “Duraglass” fruit jar 
cut to hold the blending blades. This jar was connected to a culture bottle 
containing a well-developed mycelial culture of the desired organism. The 
mycelium was passed into the blender jar in 200- to 300-ml lots, minced one 
minute, and passed put into a dispensing vessel. In this way substantial 
quantities of mycelial inoculum could be prepared aseptically in a short time. 

The advantages of minced mycelial inoculum over spore inoculum are several. 
In laboratory studies employing liquid media, better agreement between rep- 
licates is obtained, the lag period in initiation of groviih is shortened, and it is 
possible to work TOth asporogenous species or strains, or with organisms that 
sporulate poorly. In mass liquid cultures of Helminikosporium oryzae Breda 
de- Haan the replacement of spore inoculum by 1 per cent minced inoculum 
resulted in a twofold increase in the yield of mycelium in two-thirds the time. 
Fragmented mycelium may well find a place as inoculum in industrial fermenta- 
tions using fungi. 

Minced mycelium has similarly been found suitable for shaker flask experi- 
ments and respiration studies. In this case the mincing apparatus can be 
smaller and has consisted of a small stainless steel cup fitting on the “blendor” 
base. It differed from that described by Hoffstadt and Tripi (J. Bact., 60, 
675) only in having a detachable base. 

By mincing for one minute 50 ml of a 5- to 6-day-old mycelial culture of 
Gihberella zeae (Schw.) Fetch grown in a shaker flask, approximately 1 to 1.5 X 
10® mycelial fragments per ml were obtained. The fragments were freed of 
media by centrifuging and washing, using aseptic techniques. When examined 
microscopically, they were found to consist of 3- to 10-cell units, wholly viable 
and capable of germination at many points. Inoculation with 2 per cent of such 
material gave maximum mycelium production. This is far more than that 
found adequate by Savage and Vender Brook, but their report indicates that 
their culture was much heavier than ovns. 
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THE USE OF A POLYVALENT ANTISERUM FOR PRELIMINARY 
IDENTIFICATION OF SALMONELLA CULTURESi 

W. H. EWING AND D. W. BRUNER 

Dcparlmcnl of Pathology and Bacteriology, New York State Veterinary College, Ithaca, Nm 
York, and the Department of Animal Pathology, Kentucky Agricultural Experiment Slalm, 

Lexington, Kentucky 

t 

Received for publication December 9, 19-16 

A mixture of Salmonella antiserums was used by Felsenfeld and Young (J. 
Lab. Clin. Med., 30, 550) and others in selecting cultures for serological typing. 
The first polyvalent smti-Salmotiella serum to be made by injecting a smgle 
rabbit Mth all the Icno-wn Salmonella antigens was prepared (by Bruner) and 
used by Ewing and Bruner (Med. Bull., Mediterranean Theater of Operations, 
3, 155). This antiserum was employed in Italy by the Section of Bacteriology, 
15th Medical General Laboratory, in the examination of over 24,000 feces 
specimens from patients and food handlers. 

After isolation on lUigler’s iron agar (modified by addition of sucrose), all 
cultures were tested for their ability to hydrolyze urea. Those which did not 
attack this substance were tested writh polyvalent antiserum. Bacteria which 
agglutinated were examined immediately by Salmonella typing methods. 

All cultures were tested for fermentation of glucose, lactose, sucrose, and 
salicin; and for hydrogen sulfide and indole production. The media were held 
for 2 weeks or until acid production Rom one or more of the carbohydrates 
(lactose, sucrose, and salichi) or indole formation eliminated nonmembers of the 
genus Salmonella. 

Unfortunately, data were not available for all the cultures isolated. Only 
those records with complete results of tests in polyvalent antiserum and bio- 
chemical reactions were used to compile the figures that follow: a total of 2,634 
isolates. Of these, 546 proved to be Salmonella seroty’^pes which agglutinated m 
polyvalent antiserum and gave characteristic biochemical reactions. There 
were 2,088 paracolon, Proteus, etc., cultures, 183 of which reacted in the pol)' 
valent antiserum. These were eliminated subsequently from the genus Sahii^ 
nella by failure to type in complete antigenic analysis and to conform in bio 
chemical tests. The 1 ,905 isolates which failed to agglutinate in the polyvakQ 
antiserum were excluded through biochemical nonconformity. 

No cultures which failed to react in polyvalent antiserum were later prove 
be Salmonella microorganisms. Twenty-two isolates (not included in the 
above) were not eliminated by biochemical tests within a 3-week incuba 
These were examined for individual Salmonella antigens and fmmd to have 
serorelation to that group. 

Shigella ■paradysenteriae serotypes Flexner I (V) and II (W) usually aggm ® 

^ Based on data obtained in the Section of Bacteriology, 15th Medical General ha 
atory. United States Army. 
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in the polyvalent mti-Sahnonella serum because of a relationship between the 
antigens of these serotypes and antigens XIII, XXII, and XXIII of the Kauff- 
mann- White schema (authors’ unpublished data). 

These findings demonstrate the efficacy of the polyvalent Salmonella anti- 
serum both for the early recognition of Salmonella cultures and the exclusion of 
nonmembers of the genus. 


STUDY OF THE UTILIZATION OF SOME ORGANIC ACIDS BY 
ESCHERICHIA AND AEROBACTER 

WILLIAM E. CLAPPER and CHARLES F. POE 

Division of Sanitary Chemistry, Department of Chemistry, University of Colorado, Boulder, 

Colorado 

Received for publication December 26, 1946 

The present communication reports the results of an investigation of the 
utilization of organic acids by members of the Escherichia and Aerobacter genera, 
when such ac ds are the sole source of organic material in the cultural media. 
The action of these bacteria on a larger group of organic acids than has been 
reported upon by other investigators (Koser: J. Bact., 11, 409; Koser and 
Rettger: J. Infectious Diseases, 24, 301; Ayers and Rupp: Abstracts Bact., 2, 
11 ; Braun and Cahn-Brooner: Biochem. Z., 131, 226) is presented. 

The medium used throughout this investigation had the following composition : 


Sodium ammonium hydrogen phosphate 1.5g 

Potassium dihydrogen phosphate l.Og 

Magnesium sulfate 0.2g 

Organic acid,.' l.Og 

Water 1,000 ml 


Adjust to a pH value of 7 with normal sodium hydroxide. 

Thirty-six organisms isolated from waters in all parts of the United States 
were used to inoculate the different media. These organisms were all members 
of either the genus Escherichia or the genus Aerobacter, most of which gave 
typical Voges-Proskauer, methyl red, and sodium citrate reactions, criteria 
which classified them dehnitely as belonging to these genera. 

After inoculation, the media were incubated at 37 C for 72 hours. Readings 
were made at the end of 12, 24, 48, and 72 hours, growth being indicated by 
clouding of the medium. 

The following acids when used as the sole source of carbon in media failed to 
support growth for any of the cultures of Escherichia and Aerobacter: o-amino- 
j benzene sulfonic, di-a-amino-n-butyric, df-a-aminophenylacetic, p-aminophenyl- 
acetic, anthraquinone-j3-sulfonic, benzidinedisulfonic, benzilic, /3-benzoyl acrylic, 

! OT-bromobenzoic, o-bromobenzoic, p-bromobenzoic, a-bromo-n-caproic, d-cam- 
phoric, isocaproic, m-chlorobenzoic, cyanuric, a-/3-dibromobutyric, 3,5-dinitro- 
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still has two disadvantages, viz., (1) the development of pigment is not optimum, 
because some cultures either become pigmented or become darker when they 
stand a few days on the laboratory table, and (2) flooding the plates with ammo- 
nium sulfate solution for the Stone reaction is undesirable in several respects. 
A solution of the latter problem -will be reported elsewhere. The former appears 
to have been solved by incubating the cultures at 30 C instead of the conven- 
tional 37 C. 

A series of cultures tested under these conditions showed deeper pigment in 
many instances, decidedly improved coagulation of blood, and no interference 
with the Stone reaction nor \vith acid production from maimitol, both of which 
were about as intense as at 37 C. 



PROCEEDINGS OF LOCAL BRANCHES OF THE SOCIETY OF 
AMERICAN BACTERIOLOGISTS 

TEXAS BRANCH 

Dallas, Texas, November 16 and 17, 1946 


Poliomyelitis (Lansing) Contact In- 
fection iN Mice. Christine Zarafonelis, 
S. Edward Sulkin, and Cleo Hausman. 
Terry, Department of Bacteriology and 
Immunology and Virus Research Labor- 
atory, Southwestern Medical College, 
Dallas. 

During 63 days of observation, only 1 
of 59 white Swiss mice in contact with a 
similar number of animals inoculated 
intracerebrally with the virus of mouse- 
adapted Lansing poliomyelitis developed a 
paralytic infection. Virus was recovered 
from this animal but not from 3 other con- 
tact mice which died. The appearance of 
diarrhea among some of the animals in the 
cage shortly before the paralytic infection 
occurred suggested the importance of 
nonspecific factors of resistance; these 
possibilities are under further investigation. 
Subsequent challenge inoculations of virus 
revealed cerebral resistance among contact 
mice significantly more marked than that 
among controls of similar age and weight, 
but somewhat less marked than that among 
mice surviving previous intracerebral in- 
jection of the same virus. The virus re- 
covered from the paralyzed animal, and 
subsequently inoculated into other mice, 
differed from the virus of spontaneous 
mouse encephalomyelitis on the basis of 
incubation period, site and extent of 
paralysis, and mortality rate among par- 
alyzed animals. Immunologic studies to 
identify the agent as mouse-adapted Lans- 
ing poliomyelitis virus are still in progress. 

Further Observations on the Intes- 
tinal Bacteria ok Guinea Pigs 
Fed with par.a-Aminobenzoic Acid. 
Dorothy ill. Whitney. Department of 
Preventive Medicine and Public Health, 
The University of Texas School of Med- 
icine, Galveston. 

The investigation of the intestinal flora 


of guinea pigs before and after feeding p- 
aminobenzoic acid is the subject of this 
study. 

Animal feces were suspended in 1:10 
dilutions, and serial tenfold dilutions were 
inoculated into various media. In “nor- 
mal” animals, the gram-positive bacteiia 
predominated. In this group, bacilli, strep- 
tococci, and spore-bearing anaerobes oc- 
curred in the order named. Of the gram- 
negative bacilli, Aerobacter aerogenes and 
Escherichia coli dominated. In addition, 
non-lactose-fermenters such as Alcaligencs, 
Pseudomonas, and Proteus were found. 

Guinea pigs treated with 2 per cent 
PABA in the diet for 48 hours showed a 
marked decrease in the number of gram- 
positive and gram-negative bacilli. In 
certain cases no reduction was noted, but 
a definite suppressive and apparently 
selective action was observed. The 48- 
hour treatment with PABA resulted in an 
almost complete inhibition of all gram- 
negative bacilli with the e.xception of 
E. coli. 

A prolonged feeding with PABA (6, 8, 
and 10 days) resulted in a return to the 
normal flora. A small dosage of PABA 
(0.1 per cent) over 6 days resulted in in- 
creased streptococci counts. 

Permeability of the L.actating Bovine 
M.ammaky Gland to Sulfonamides. 
V. T. Schuhardl, T. B. Carroll, L. J. 
Rode, and Helen Lacy, The Brucellosis 
Research Project of The Clayton Founda- 
tion and The University of Te.xas. 

In preliminary and repeat experiments, 
sulfanilamide, sulfathiazole, sulfadiazine, 
sulfamerazine, sulfapyrazine, 2-3ulfanila- 
mido-5-bromo pyrimidine, .and 2-sulfa- 
nilamido-5-chloro pyrimidine each were 
administered orally in capsules to 2 cows. 
Sulfapyridine was administered to 4 cows. 
Each cow received 90 grams of the ap- 
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protein. This substance in the small 
variants is altered beyond detection or is 
destroyed completely, inasmuch as no cross 
reaction with the parent antiserum was 
observed. 


Preliminary findings suggest that the 
quantity of protein in the alkali-soluble 
fraction of Corynebaclerium diphlheriae is 
directly correlated with those strains that 
maintain virulence. 


NORTHWEST BRANCH 

State College of Washington, Pullman, Washington, November 23, 1946 


The Real and the Apparent Bacteri- 
cidal Efficiencies of the Quaternary 
Ammonium Compounds. Erncsl C. Mc- 
Culloch, State College of Washington, 
Pullman, Washington. 

Marked commercial interest now is being 
shown in the quaternary ammonium com- 
pounds, which are used for the disinfection 
of skin and mucous membranes, for the cold 
“sterilization” of minor surgical instru- 
ments, as bactericides for eating utensils 
and drinking glasses, and as general dis- 
infectants. 

Plate counts of bacterial suspensions ex- 
posed to quaternary ammonium compounds 
show a very rapid initial decrease in plate 
count numbers, followed by a much less 
rapid decrease. The velocity of 

disinfection, K = 

time* — time* 

Log plate count at time* 
Log plate count at time* 

has been observed as 0.43 during the first 
minute, as 0.37 during the second minute, 
and as 0.0004 between the second and 
twenty-fourth hours. In milk, the addi- 
tion of a quaternary ammonium compound 
produces a very rapid decrease in plate 
count numbers, which after several days’ 
incubation is followed by a marked increase 
which may exceed the original inoculum. 

The hypothesis is advanced that the very 
rapid initial decrease in plate count num- 
bers reflects the agglomeration of the ex- 
posed organisms and their adherence to the 
sides of the tube, as well as actual killing. 
When the FDA technique is used, the ag- 
glomerated organisms may not be picked 


up by the 1 : 100-ml loop; they may adhere to 
the loop and not remain in the subculture 
medium; and in the absence of p.articulale 
material in the subculture medium they 
may stay coated with the quaternary am- 
monium compound and remain in a cou- 
dition of bactcriostasis. 

A surface-active bacteriostat, which 
forms a persistent film and has Inw toxicity 
to tissues, may have definite value in clini- 
cal medicine. Also, in sanitizing certain 
types of food-handling equipment, such a 
bacteriostat might have definite, but lim- 
ited, use. As bactericides, these com- 
pounds need to be reinvestigated. 

Cellulose-decomposing Bacteria from 
THE Rumen of Cattle. B. E. Hun- 
gate, State College of Washington, Pull- 
man. 

The Bacteriology of Spr.aV-dried Whole 
Milk Powder. J. F. Coal, State College 
of Washington, Pullman. 

The Oxygen Requirements of Monn®' 
N. S. Guiding, State College of Washing- 
ton, Pullman. 

Studies on a Species of TrichosporoJI- 
C. H. Drake, State College of Washington, 
Pullman. 

Studies on the Epidemiology or Spo*^^® 
Fever. IF. L. Jellison, USPHS, 
Mountain Laboratory, Hamilton, i n 
tana. 

Some Aspects of the 
Problem. C. A. Evans, Universi 
Washington, Seattle. 
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KENTUCKY-TENNESSEE BRANCH 
University of Tennessee, Knoxville, Tennessee, November 16, 1946 


Microbial Fouling op Zeolite Water 
Softeners. IF. L. Williams, Louisville 
Water Company, Louisville, Kentucky, 
A water treatment plant treating a highly 
contaminated river water with lime and 
ferric sulfate for carbonate hardness re- 
duction, followed by zeolite softening, used 
insufficient chlorination on the initial runs, 
thereby seeding the softener beds with 
Aerobacter aerogenes. By the application 
of break-point chlorination to the raw water 
intake, sterile conditions were thereafter 
maintained throughout the treatment until 
the water reached the softeners. The car- 
bonaceous zeolite in the softeners quickly 
absorbed the chlorine residual, and bacterial 
growth flourished throughout the softeners, 
finally causing the beds to jell and channel 
on regeneration, with the result that the 
softeners failed to function. Water leaving 
the filters appeared to be clear, but the 
Sedgwick-Rafter concentration of samples, 
followed by microscopic e-xamination, 
showed that dead organic matter was 
passing through the filters, thus constantly 
supplying nutrient material for the growth 
of bacteria. Bacterial counts on water 
leaving the softeners were extremely high, 
Aerobacter aerogenes being the predomi- 
nating organism. It was always present 
when short softener runs were experienced. 
Several methods of backwash and two 
sterilizing compounds were effective only 
temporarily in removing contamination 
from softener beds. 

The Use of Sodium Azide for Deter- 
mining THE Fermentative Ability of 
Yeast Developed Under Different 
Oxygen Tensions. M. C. Brockmann, 
Joseph E. Seagram and Sons, Inc., 
Louisville, Kentucky, and T. J. B. Slier, 
Department of Physiology, Indiana Uni- 
versity, Bloomington. 

If the rate of fermentation by yeast is 
limited primarily by overaccumulation of 
high energy phosphate bonds, conventional 
procedures are inadequate for evaluating 
fermentative ability. In the presence of 
0.002 li azide there is a marked elevation in 


the rate of glucose utilization per unit cell 
population. This elevated rate remains 
constant for relatively long periods, pre- 
sumably because azide interferes with the 
generation of high energy phosphate bonds 
and thereby releases the fermentative 
processes from the consequences of over- 
accumulation of these bonds. 

On the basis cf rates of glucose utilization 
in COs-sparged glucose yeast extract 
KHjPO* medium containing azide (0.002 m), 
yeast cells developed under aeration have 
about one-half the fermentative activity of 
cells developed in C02-sparged medium. 
Cells grown in cotton-plugged flasks de- 
velop 70 to 80 per cent of the activity of cells 
grown under COj sparging. 

For yeast developed under different oxy- 
gen tensions, the rate of glucose utilization 
per unit cell population appears to be a 
more adequate expression of activity than a 
corresponding rate based on unit cell 
weight. 

The Complement Fixation Test for 

Lymphogranuloma as a Diagnostic 

Procedure. Anna Bean Dulaney and 

Henry Packer. 

The complement fixation test for lym- 
phogranuloma venereum was conducted on 
649 sera from diversified sources. Positive 
reactions in serum dilutions of 1:5 were 
obtained with 8.7 per cent of 148 Wasser- 
mann-negative individuals with no evidence 
of venereal infection, 2 per cent of 42 
children with febrile disease, none of 22 
children with congenital syphilis, 57 per 
cent of 81 patients with neurosyphilis, and 
70 per cent of 214 patients with anogenital 
lesions of various types. 

The nonspecific reactions in the nonve- 
nereal group were correlated in most in- 
stances with upper respiratory infections. 

Titration studies showed that positive 
reactions in the nonvenereal groups were 
characterized by low titers (1:5 to 1:20) 
whereas 56 per cent of the sera from the 
venereal groups yielded titers of 1:40 and 
above. 

It is concluded that the complement 
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influenza viruses were affected by irradia- 
tion at different rates, indicating that they 
are based, at least in part, on different con- 
stituents of the virus particle. On account 
of these differences in the susceptibility of 
the various properties to ultraviolet light it 
was possible (a) to differentiate between the 
interference phenomenon as observed in the 
allantoic sac and the development of non- 
agglutinability in red cells by either homolo- 
gous or heterologous fresh virus, and (b) to 
separate individual steps involved in the 
mechanism of infection of susceptible host 
cells. The implications of these findings 
were discussed. 

Familial Nonspecific Serolooic Reac- 
tion FOR Syphilis. Arthur G. Singer, 
Jr., and Fred Boerner, Graduate Hospital 
and Lankenau Hospital, Philadelphia, 
Pennsylvania. 

The existence of nonspecific positive re- 
actions to a serologic test for syphilis is now 
generally accepted. The majority of false 
positive serologic reactions arc traceable to 
an infectious disease, an injection, or treat- 
ment of some sort. However, the case in 
question deals with a family, several mem- 
bers of which show persistent false positive 
tests that cannot be attributed to any of 
the usual causes. 

The routine prenatal serologic tests for 
syphilis on a 35-year-old white female of 
Jtalian birth and four to five months preg- 
nant repeatedly showed a positive Kline 
test but a negative complement fixation. 
The husband was found to give entirely 
negative serologic results; the serum of the 
three oldest children, however, gave re- 
actions identical with that of the mother, 
i.e., positive Kline, negative complement 


fixation. Neonatal serologic studies on the 
youngest child were entirely negative. The 
entire family were Rh-positive, but the 
fatherand youngest child were found tobein 
blood type group 0, whereas the mother and 
three oldest children belonged to group A. 

Quantitative serological tests were con- 
ducted on the mother and three oldest 
children; positive results were obtained in 
the flocculation test, but the complement 
fixation test gave negative results. laeach 
case, the results fell into class 5, group 2, a 
doubtful classification according to 
Boerner’s system of classification. The 
father and youngest child remained negative 
in both tests, falling into class 1, group 1, 
negative. 

These studies, conducted over a period ol 
two years, suggest the existence of apossible 
mechanism of hereditary transmission of 
the factor responsible for the nonspecific 
positive reaction. 

Inhibition of Division in the Protozoan 
Tetrahymena by Antisera and 
Bacteria. Elizabeth H. Fowler and 
James A. Harrison, Department of 
Biology , Temple University, Philadelphia, 
Pennsylvania. 

Further study has been made of the inter- 
esting serologic reaction with the free-living 
ciliate, Tetrahymena, reported by the 
authors in 1945. The antibody which 
interferes with division without interrupt- 
ing other growth processes and leads to the 
abnormal formation of pairs and ° 
cells, as w'ell as monsters, may be removed y 
absorption. An unsuccessful attempt was 
made to produce a similar reaction in t ese 
organisms by exposure to 195 strains o 
coliform bacilli by the method of Chatton 
and Chatton reported in 1925. 


EASTERN NEW YORK BRANCH 
Albany, New York, December 6, 1946 

• K fi4 

The Relation Between Induced Resist- increased over 60,000 times oy O'* 

ANCB TO Penicillin and Oxygen transfers in broth containing penici in. 

Utilization. W. D. Bellamy and J. IV. amounts of which were 
Klimek, Sterling-Winthrop Research In- 0.00006 mg per ml to 4 mg per ml ( ' , 
stitute, Rensselaer, New York. et al.: J. Bact., 51, 550). We 

In this laboratory the resistance to peni- that this resistant strain has lost the a 
cillin of Staphylococcus aureus 209P has been to grow anaerobically. The rate o 
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growth is from one-half to two-thirds of 
that of the penicillin-sensitive parent 
strain. 

Under similar conditions, three other 
organisms, which normally obtain energy 
for growth by anaerobic processes, e.g., 
Slreplococcus Jaecalis lOCl, Slrcplococcua 
agalacliac 68C, and Clostridium perfringcns 
M, were found to develop little resistance to 
penicillin. The resistance of S. faecalis 
increased 11 times in 47 transfers, that of 
S.agalactiae 6 times in 24 transfers, and that 
of C. perfringcns M 10 times in 25 transfers. 

It appears that penicillin interferes with 
anessential step or steps in anaerobic metab- 
olism. Those organisms which were un- 
able to develop or utilize an alternative 
energy mechanism did not develop resist- 
ance to penicillin. 

Inactivation of the Gekmicidal Action 
OF Quaternary Asimoniuji Compounds. 
C. A. Lawrence, Wffithrop Chemical 
Company, Inc., Rensselaer, New York. 

To be considered a suitable inactivator 
for the antibacterial action of quaternary 
ammonium germicides the agent or process 
used must meet certain prerequisites: (1) 
the method should, as completely as pos- 
sible, neutralize the bacteriostatic and 
bactericidal actions of the quaternaries; (2) 


it should maintain the state of inactivation 
for a prolonged period of time; and (3) the 
neutralizing agent itself should not possess 
antibacterial properties. Evidence is pre- 
sented to show that several anionic deter- 
gents, including soaps, would not meet the 
requirements given. In addition, a series of 
compounds known to give a precipitate in 
the presence of quaternary ammonium solu- 
tions failed to inactivate completely the 
germicidal action of the latter. A sulfonic 
acid derivative, the sodium salt of 
symmetric bis (melo-amino-benzoyl-?i!c<a- 
amino - para - methylbenzoyl - 1 -naphthyl- 
amino - 4,6,8 - trisulfonic acid) carbamide, 
more closely meet the requirements for an 
inactivator for squaternary ammonium 
compounds. 

Accessory Growth Substances Influ- 
encing Colony Characteristics and 
Macroconidial Forjiation of Micro- 
SPORUM AUDOUiNi. Elizabeth L. Hazen, 
Branch Laboratory, Division of Labora- 
tories and Research, New York City. 

The Protective Value op the Vole 
Bacillus (Wells) as Compared with 
BCG Against Tuberculous Infection. 
Konrad Birkhaug, Division of Labora- 
tories and Research, Albany. 


CONNECTICUT VALLEY BRANCH 
Yale University, New Haven, Connecticut, December 7, 1946 


Genetic Evidence for Sex in Bacteria. 
Joshua Lederberg and E. L. Tatum, 
Osborn Botanical Laboratory, Yale Uni- 
versity, New Haven, Connecticut. 
Following a discussion of a previous 
publication (Nature, 168, 558) a demon- 
stration Was presented illustrating the 
recombination of genetic factors in Esch- 
erichia coli. 

Therapy of Trypanosomiasis. Benjamin 
A. Rubin, Department of Bacteriology, 
Yale University School of Medicine, New 
Haven, Connecticut. 

^ Prodigiosin and synthetic pyrrole deriva- 
tives were found to have selective trypano- 
cidal activity in vitro, but not in vivo. No 
antibacterial effects were demonstrable. 


Oxygen analogues in the form of natura 
and synthetic lactones were highly effective 
in vitro and in certain cases provided per- 
manent cures for Trypanosoma equipcrdum 
infections in mice. The level of this activ- 
ity depended upon the location of un- 
saturated linkages and upon the nature of 
the substituents. 

The locus of trypanocidal activity was in 
one case shown to be different from that of 
the antibacterial effect. The parent sub- 
stance of “anemonine,” the synthetic 
2-pentene 1:4 olid, had equal trypanocidal 
activity but had none of the substantial 
antibacterial effect of anemonine. 

The in vitro trypanocidal activity of some 
of the lactones (particularly “parasorbic" 
acid) could be reversed by beta-nUnin 
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and to a lessor extent by alp/ia-alanine, 
but not at all by calcium pantothenate or 
pantolactone. 

Variation in Tissue SpECiriciTY op the 
Rous Chicken Sarcoma Virus Follow- 
iNQ Growth of the Tumor in the 
Mammalian Eye. Edward IK. Shriglcy, 
Bacteriology Department, Yale Medical 
School, New Haven, Connecticut. 

It has been shown that the Rous sarcoma 
will grow in the anterior chamber of the 
guinea pig eye. Following residence of 12 
days in this host, the causative virus of this 
tumor has been found to be altered in its 
tissue specificity as evidenced, on sub- 
sequent inoculation into chicks, by the 
increase in frequency of periosteal tumors. 

In the present study it has been possible 
to grow the Rous sarcoma in the anterior 
chamber of the mouse eye. Twenty-three 
of the 31 A strain mice inoculated intra- 
ocularly with the tumor tissue showed 
growth of the neoplasm, as manifest by 
increase in size and the presence of mitotic 
figures. All ocular growths remaining in 
mice up to 15 days produced typical sar- 
comas when reinoculatcd into chicks. 

The incidence in chicks of bone lesions 
produced by the injection of the guinea- 
pig-passage strain of tumor compared with 
the frequency of similar lesions in birds 
inoculated with mouse-passage material 
showed that the virus varied while in the 


guinea pig environment but was not altered, 
according to our tests, during mouse paa. 
sage. The explanation for these results 
must await further study. 

The Isolation op Paracoccidioides 

BRASILIENSIS FROM A CaSE OF SoOIH 
American Blastomycosis. Rosalie 
Ferguson and Margaret F. Upton, St. 
Luke’s Hospital, New York City. 

The fungus Paracoccidioides brasiliensis 
was isolated from a case of South .\raericau 
blastomycosis in a 23-year-oId man who 
contracted the disease in Colombia about 
3 months before coming to this country. 
At St. Luke’s Hospital, New York City, the 
fungus, showing multiple budding, was 
observed in sections from an axillary lymph 
node. The mycelial phase was grown from 
a lymph gland upon blood veal agar in 4 
weeks, incubated at room temperature. 
Transfers to Bordet-Gengou medium in- 
cubated at 37 C were successful ingrowing, 
in 7 days, the multiple-budding yeast 
characteristic of the tissue form. This is 
probably the first isolation of this fungus 
reported in this country. 

A Quantitative Method for the Deter- 

MIN.ATION OF THE FuNGlSTATIC .\CTIVITY 

OF Antiseptic Powders. Marion B. 
Sherwood, Wellcome Research Labora- 
tory, Tuckahoe, New York. 


NORTH CENTRAL BRANCH 

University op Minnesota, Minneapolis, Minnesota, November 22 and 23, 1246 


Some Observations on the Free-livinq 
Leptospiras of Minnesota Waters. 
B. H. Hoyer, University of Minnesota, 
Department of Bacteriology and Im- 
munology, Minneapolis, Minnesota. 
Attempts were made to isolate free-living 
leptospiras. Of the enrichment methods 
tested. Walker’s medium was found to give 
the best results. Walker’s medium is 0.3 
per cent egg yolk in 0.3 per cent agar. 
Modifications of this medium consisting of 
added phosphate buffer, cystine, or tryptose 
(Difoo) gave results no better than, or 
poorer than, the plain medium. 

Positive enrichments for free-living lepto- 


spiras were obtained in 17 out of 19 enric - 
ment attempts using Walker’s medium an 
the straw enrichment of Kitaoka. A 
types of waters were included; algae-filk 
ponds, muddy waters, clear leafy-bottome 
ponds, rivers, and even sulfur springs. 
Positive enrichments were obtained w 

equal number at both 23 C and 37 C. 

Pure cultures of the free-living leptospinu 
may be obtained by a preliminary Berke c 
filtration followed by growing the filtialo' 
'Walker’s medium. Leptospiras and ve 
small rods and vibrios appear in this stas 
and purification may be made by diluta 
extinction. 
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Strains of the leptospiras may be sepa- 
•ated on a solid tryptose (Difco) agar 
nedium after preliminary purification as 
lesoribed above. 

Assimilation op Acetate by Yeast. 
A.G.C. While, L. 0. Krampilz, and O'. H. 
Workman, Industrial Science Research 
Institute, Iowa State College, Ames, Iowa. 
Large increases in the fat content of 
Metabolizing yeast (Saccharoinyces cere- 
lisiae) in the presence of sodium acetate 
vere shown to be due to the assimilation 
if the intact acetate molecule. By the use 
if acetic acid labeled in the carbo.xyl group 
vith a heavy isotope of carbon (C‘’), the 
larbon from the acetate was shown to be 
present in both the fat and carbohydrate 
fraction of the yeast cells. 

In one experiment normal acetate was 
supplemented by NallC^Os; in a second 
ixperiment isotopic acetate was supple- 
nented by normal bicarbonate. No isotope 
ivas found in the yeast fat in the first 
jxperiment, a fact which indicates that the 
D“ was not incorporated into the fat of the 
i'east cells by COj fixation but rather by 
utilization of the intact 2-carbon chain. 

The Conversion op 2,3-B0tylene Glycol 
TO Acetylmethylcahbinol in Bacterial 
Fermentations op Glucose. David 
Paretsky and C. H. Workman, Bacteriol- 
ogy Section, Iowa Agricultural Experi- 
ment Station, Ames, Iowa. 

The yields of acetylmethylcarbinol 
(AMC) in the fermentations of glucose by 
Aerobacler aerogenes may be 'increased at 
the expense of 2,3-butylene glycol (2,3-BG). 
Methylene blue added toward the end of 
aerated glucose fermentations increases the 
amounts of AMC produced. 

Aeration of fermentations under pressure 
also increases the ratio of AMC to 2,3-BG. 
The highest conversions of 2,3-BG to AMC 
are obtained when methylene blue is added 
to the fermentation in conjunction with 
pressure aeration. 

The Microbiology and Chemistry of 
Canned Bacon. J. A. Ulrieh, H. M. 
Tsuchiya, and H. O. Halvorson, The 
Hormel Institute, University of Minne- 
sota, Austin, Minnesota. 


Because “heavy cure” bacon leaves much 
to be desired in palatability, microbiological 
and chemical studies have been made of the 
changes that occur during each of the 
commercial steps involved in the processing 
of bacon sides from “green bellies” to the 
finished “mild cure” product, and on 
storage at 37.8 C. 

The bacterial population decreases during 
the curing and smoking processes. On 
storage at 37.8 C (100 F) the total bacterial 
and the lipolytic bacterial counts of canned 
bacon samples increased and subsequently 
decreased. The free fatty acid values and 
the ammonia N: total N ratios increased, 
while the nitrite concentrations decreased. 
The pH and peroxide values remained 
constant during the period of storage. 
Vacuum pack samples kept better than 
nitrogen pack samples, and the latter better 
than the carbon dio.xide pack samples. The 
usual commercial practice of denuding after 
the smoking process gave a better keeping 
product than did denuding before this step. 

Samples of “heavy cure” canned bacon 
withstood storage very well at the storage 
temperature of 37.8 C. 

The Effect op Dosage on Interference 
Between Distemper Viruses. Cyril S'. 
Slulherg and Robert G. Green, Department 
of Bacteriology and Immunology, Uni- 
versity of Minnesota Medical School, 
Minneapolis, Minnesota. 

Interference between animal, plant, and 
bacterial viruses in their respective hosts 
has been demonstrated by many workers. 
The authors have previously described an 
interference between distemper viruses 
(Proc. Soc. E.xptl. Biol. Med., 61, 117; 
Science 103, 497). A highly fatal canine 
distemper in young foxes produced by 
intranasal inoculation could be blocked 
during the incubation period by the intra- 
muscular injection of a nonvirulent ferret- 
passage virus. 

Further studies have now shown that 
foxes can be uniformly infected with viru- 
lent distemper by intranasal inoculation of 
50 mg of infected tissue, and that varying 
dosages of the modified virus will interfere 
with the virulent distemper infection. 
Sixty red fox pups were injected with 50 mg 
of virulent distemper virus intranasally. 
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Seven days later 50 of the animals were 
divided into groups of 10, which were in- 
jected intramuscularly with modified dis- 
temper virus in dosages of 200. 100, 50, 25, 
and 10 mg, respectively. Ten animals kept 
as controls died of virulent distemper. 
The 50 foxes in the groups inoculated with 
modified virus exhibited definite symptoms 
of distemper but subsequently recovered, 
except that 1 fox died in the group inocu- 
lated with 200 mg of modified virus, 1 in the 
group inoculated with 100 mg, 4 in the group 
inoculated with 50 mg, and 2 in the group 
inoculated with 10 mg. 

It appears that as little as 10 mg of modi- 
fied distemper virus injected intramuscu- 
larly 1 week after intranasal instillation of 
virulent distemper virus will interfere with 
the course of an infection caused by the 
virulent virus. 

Effect of Specific Antibody on Tuans- 

PLANTED Mouse Mammary Cancer. 

David T. Imagawa and Robert G. Green, 

Department of Bacteriology and Immunol- 
ogy, University of Minnesota. 

Green, Moosey, and Bittner (Cancer 
Research, 6, 638) have shown that the incit- 
ing agent of mouse mammary cancer is 
highly antigenic and, when inoculated into 
rabbits, produces specific antibodies which 
inactivate the agent. It has been possible 
in our laboratory to concentrate these 
antibodies from 4 to 10 times their original 
concentration by precipitation of the glob- 
ulin fraction with 1.39 molar ammonium 
sulfate. 

This concentrated antiserum has been 
found to have a definite inhibitory effect on 
the growth of transplanted mouse mammary 
cancer. Clumps of mouse mammary cancer 
cells were inoculated subcutaneously into 
the abdomens of mice. At the beginning 
of each experiment the tumor-bearing 
animals were divided into groups so that the 
average tumor size of each group was 
appro.ximately the same. Treatment with 
antiserum was started after the tumors had 
been established and had attained the size 
of a small pea. Different routes of injection 
were used at varying time intervals. At 
the beginning and at various intervals of 
the experimental periods, the surface areas 
of the tumors of both control and treated 


animals were accurately calculated and 
compared. 

It appeared that the growth of trans. 
planted mouse mammary cancers was 
partially inhibited by the injection of con. 
centrated mouse cancer antiserum, but the 
injection of normal rabbit serum and con- 
centrated normal rabbit serum showed no 
noticeable effect. Injection of the specific 
antiserum into the tail veins of mice was the 
most effective method of injection. 


Synergism Between Some Anionic Wet- 
ting Agents and Azochloramid. B. B, 
Hoyer and E. J. Ordal, University of 
Washington, Department of Microbiol- 
ogy, Seattle, Washington. 

In view of the synergistic action of some 
anionic wetting agents on the germicidal 
action of undissociated phenols, an attempt 
was made to demonstrate similar action 
using an oxidizing disinfectant. Because 
of its stability, azochloramid (N,N'-ili- 
chlorazodicarbonamidine) was used as the 
oxidizing type disinfectant. Three am’onio 
wetting agents were used: sodium lauryl 
sulfonate, sodium tetradecyl sulfate, and 
the dioctyl ester of sodium sulfosuccinate. 

Escherichia coli and Staphylococcus 
aureus, used as the test organisms, were 
grown in shaken flasks and washed. Cen- 
trifuged cells were used in all experiments. 
Attempts to demonstrate synergism were 
made by using decrease in respiration, as 
determined by the Warburg respirometer, 
and by bacterial death, as determined y 
quantitative plate counts. 

No evidence of synergism was found in 
the respiration studies using oxidation n 
lactate as the indicator. QuantilabTe 
counts gave definite evidence of synergism- 
The extent of synergism did not follow e 
definite trend, as in the case of the P"®"® 
suggesting some mechanism in opern i 
other than the action ori undissocia 
hypochlorous acid resulting from 
hydrolysis of azochloramid. 
parently occurred to the greatest es c 
when both of the agents iodependonu 
exerted some amount of germicidal ac i 


On the Mode of Action op 
L. 0. Krampitz, M. N. Green, 
Workman, Industrial Science Rose 
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Institute, Iowa State College, Ames, 
Iowa. 

An inhibitory effect of penicillin on the 
oxidation of neucleotides or nucleic acids by 
Staphylococcus aureus has been demon- 
strated. Penicillin has no effect on glucose 
oxidation or on the utilization of the con- 
stituents of a synthetic medium on which 
good growth can be obtained. 

The reaction inhibited by penicillin has an 
RQ of 1.0. The measurable end products 
are COs and acetic acid in a ratio of 3 to 1. 
Since 3 moles of oxygen are required for 
the oxidation, the dissimilation of a pentose, 
according to the following equation, is 
postulated. 

CsHioOs -1-3 0:-^ CHiCOOH -b 3 COj -f 
3 HjO 

Sodium ribonucleinate on oxidation by 
S. aureus shows the same ratio of end 
products. This reaction is inhibited by 
penicillin. Streptomycin has also been 
shown to exhibit an inhibitory action on 
the same reaction. 

Yeasts in Decomposing Fleshy Fungi. 
K. 17. Anderson and C. E. Skinner, De- 

ILLINOIS 
Chicago, Illinois, 

Vahiation in Molds — ^Natural and In- 
duced. Kenneth B. Raper, Fermentation 
Division, Northern Regional Research 
Laboratory, Peoria, Illinois. 

Saprophytic molds are regularly charac- 
tenzed by marked natural variation, and in 
the genera Aspergillus and Penicillium this 
occurs at all levels of classification. Groups 
are established as a matter of convenience, 
but are seldom sharply delimited. Within 
these groups, species descriptions are 
centered upon fairly tangible differences, 
but intermediate and transitional forms are 
the rule rather than the exception. The 
more common species in turn are extremely 
Variable, and individual strains or isolates 
often differ markedly in cultural and 
morphological characteristics. Cultures 
derived from single spores, long considered 


partment of Bacteriology and Immunol- 
ogy, University of Minnesota. 

Melibiose Broth from Raffinose by 
Fermentation in Yeast Taxonomy. 
R. Boulhilel and C. E. Skinner, University 
of Minnesota. 

Inactivation of Neurotbopic Viruses 
BY Mechanical Agit.ation. 17. F. 
McLimans, Naval Medical Research 
Institute, Bethesda, Maryland. 

Experimental Therapy of Scrub 
Typhus with Methyl Thi.amine Chlo- 
ride. 17. F. McLimans and C. 17. Grant, 
Naval Medical Research Institute, Be- 
thesda, Maryland, and 17. P. Larson, 
University of Minnesota. 

Comparison of Growth of Lactobacillus 
casei in Yeast Extb.act Media and 
Synthetic Medi.a of Varying Composi- 
tion. M. R. Muedcking and H. 0. 
Ealvorson, University of Minnesota. 

Intramural Dissemination of Mold 
Spores. C. M. Christensen, Plant Pathol- 
ogy Department, University of Minne- 
sota, St. Paul, Minnesota. 

BRANCH 
January 17, 1947 

by mycologists as yielding the ultimate in 
strain individuality, afford little assurance 
of sustained stability. Such natural varia- 
tion offers unusual opportunities for the 
e.xperimental microbiologist, since species 
and strains vary not only in cultural and 
morphological characteristics, but in nutri- 
tional requirements, biochemical reactions, 
and in fermentative capacities as welt. It 
also poses some problems, since most varia- 
tions are in the direction of reduced activ- 
ity, or, in fermentations, reduced yields. 
By careful selection, substrains character- 
ized by some increased activity in desired 
directions can often be developed. This is 
generally limited, however, and it is neces- 
sary to employ external stimuli such as 
ultraviolet or X-ray radiation to secure 
further improvements. Variation in colony 
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appearance and structure may or may not be 
correlated with ehanges in physiological 
activity. 

Some Factors Affecting the Stability op 
Type A (PR8) Influenza Virus. George 
F. Forslcr, Venus Love, and Esther Carson. 
The viability of this virus has been 
studied under certain conditions of labora- 
tory maintenance, particularly (1) in 
storage at —60 to —70 C as a concentrate of 
allantoic virus, (2) in storage at 5 to 8 C as a 
lyophilized concentrate of allantoic virus, 
and (3) in storage at 5 to 8 C as allantoic 
virus diluted decimally in nutrient broth. 
Longevity was measured in terms of months 
under each of these methods of treatment. 
The chick red ecll method of concentration 
was employed, and the character of the 
elution fluid was an important factor in the 
stability of the concentrates whether stored 
as such at —60 to —70 C, or lyophilized and 
stored at ordinary refrigerator tempera- 
tures. Elution into a 50:50 mi.xture of 
normal rabbit serum and nutrient broth or 
into inactivated allantoic fluid resulted in 
considerably greater stability than when 
elution was made into physiological saline 
or buffered (pH 7.4) saline. When uncon- 
centrated allantoic virus was diluted in 
nutrient broth (10~‘ to 10“’) and these 
dilutions were stored at 5 to 8 C, deteriora- 
tion was gradual over a period of many 
weeks. Mouse-killing potency was the 
criterion of viability. 

A Study of the Bacterial Flora of the 
Normal and Pathological Vagina and 
Uterus. K. Eileen Hite, H. Close Hessel- 
tinc, and Louis Goldstein, Department of 
Bacteriology and Parasitology and the 
Department of Obstetrics and Gynecol- 
ogy, The University of Chicago and The 
Chicago Lying-In Hospital. 

A study has been made of the aerobic and 
anaerobic bacterial flora of 248 patients of 
the Chicago Lying-In Hospital. The study 
included vaginal cultures from normal 


prenatal patients and patients having 
vaginal infections (trichomoniasis, monilia- 
sis, and vaginitis of unknown etiology), and 
intra-uterine cultures from normal and 
febrile post-partum patients and from a few 
postabortal puerperae. In general, the 
flora of the vagina was similar in normal 
prenatal patients and in those with mycotic 
and nonspecific vaginitis. Aciduric rods 
were the predominant organisms. A variety 
of bacteria were isolated from the vagina of 
trichomoniasis patients and the uterine 
caadty of normal and febrile puerperae. 
The bacterial flora in the latter groups was 
similar. 

Autolyzed Brain Tissue as a Mea-vs or 
Facilit.vtinq Tr.ansmission of Pouo- 
MYELITIS TO MiCE. Albert Miller, Cheskr 
L. Byrd, and Sidney 0. Levinson, Serum 
Center, Michael Reese Research Founda- 
tion, Chicago, Illinois. 

Most attempts to infect various animals 
with poliomyelitis monkey-passage strains 
or infected human tissues failed until 
Armstrong was able to adapt the Lansing 
strain from monkeys to cotton rats and from 
the latter to white mice. Since then many 
unsuccessful attempts to establish other 
monkey-passage strains in various rodents 
have been made using a variety of tech- 
niques such as rapid passage, brain trauma, 
hyperpyrexia, chilling, spreading factor, 
and use of immature animals. 

Autolyzed brain tissue diluent prepare 
from normal CFW Swiss mice was found to 
shorten the incubation period and ® 
the transfer of poliomyelitis virus to CF 
mice, hamsters, and rhesus monkeys. 7 
means of this technique the Leon nion ey 
passage strain of poliomyelitis virus 
successfully adapted to CFW mice. :uo 
of adaptation was shown by succesa 
transfer to monkeys and neutralization i 
high dilution with human immune se 
globulin. More recently several strung 
poliomyelitis virus have been isolate 
CFW mice from infected j.j 

spinal cord using autolyzed brain “ 



COIVIPAHATIVE BACTERIOSTATIC ASSAYS WITH ROSANILINE 
AND ITS PHENOLIC ANALOG (ROSOLIC ACID) 

E. FISCHER AND R. MUSOZ 

Experimental Laboratory S. A. Organa and the Institute of Physiology, 
Universidad de Chile, Santiago, Chile 

Received for publication November 19, 1946 

Certain relations between the chemical structure and the bacteriostatic action 
of di- and triphenyhnethane dyes have been studied by Browning and Gilmour 
(1913) and by iOigler (1918). The findings of these workers are in agreement, 
as are likewise those of Thomberry (1931). Partially contrasting findings have 
been published by Fairbrother and Renshaw (1922), who used, however, a dif- 
ferent technique, based on bactericidal effects. Then* results will therefore not 
be considered here. 

The experimental data of the above-mentioned authors, confirmed and some- 
what extended by one of the writers and coworkers (Fischer, Garc4s, and Ldpez, 
1946, and unpublished e-xperiments) permit the following conclusions to be 
; deduced: 

• (1) The presence of three phenylic rings attached to the central methyl radical 

; (i.e., the triphenyhnethane structure) results in a considerably stronger action 
' than does the presence of only two such rings (diphenylmethanes) (Kligler, 1918; 
Fischer et al., 1946). 

, (2) The presence of an amino group attached to the third phenylic ring is of 

little or no significance, since diamino derivatives are nearly or completely as 
' active as the corresponding triamino derivatives malachite green vs. methyl 
dolet (Browning and Gilmour, 1913; Kligler, 1918; Thomberry, 1931). 

(3) The methylating, and especially the ethylating, of the amino groups in- 
irease the action substantially, whereas the phenylating of the same groups has 
i contrary effect (rosanifine vs. methyl violet, ethyl violet, and aniline blue) 
’Browning and Gilmour, 1913; Kligler, 1918; Thomberry, 1931). 

(4) Transforming one amine into a quaternary ammonium group greatly 
bminishes the action (methyl violet vs. methyl green) (Browning and Gilmour, 
1913; Kligler, 1918). In our opinion this circumstance cannot be related to the 
reduction of the three resonating stmetures of methyl violet to two in methyl 
?een, because malachite green with only two resonating structures is as active 
IS methyl violet with three (see no. 2 above). 

(5) It appears that methylated di- and triphenyhnethane derivatives act 
jigainst gram-positive germs chiefly, if not exclusively, in their quinoid dye form, 
fhe nonmethylated dye rosanUine, however, also is effective in the form of 
'-ucobase, although only in a lower degree (Fischer et al., 1944, 1946). 

Recently Kahn and Petrow (1945) published experiments on some pyridyl 
nalogs of triphenyhnethane, according to which the substitution of one or two 
henyl radicals for pyridyl ones diminishes the bacteriostatic action. From our 
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point of view one statement of these authors is of particular interest, namely, that 
leuco compounds of these derivatives seem to show approximately the same 
(low) degree of activity against gram-negative as against gram-positive organ- 
isms, whereas their oxidation products are many times more active against the 
latter than the former. Looking at the results of these authors one finds, further- 
more, that the difference between the action of leuco compounds and that of 
oxidized products against gram-positive germs is less in the case of a monomethyl- 
amino derivative (1:2,000 vs. 1:256,000) than it is with dimethylamino deriva- 
tive (1:2,000 vs. 1:1,024,000). This fact corresponds to our findings (1911), 
that there is a relatively small difference between the action of the leuco bare 
and that of the oxidized form in the case of the nonmethylated dye rosaniline, 
whereas the actions of the corresponding forms of methylated dyes (gentian 
violet, malachite green) differ widely. 

In order to explain the bacteriostatic activity of the triphenylmethane dye, 
several hypotheses have been proposed. We shall consider three of them. 

(1) The hypothesis of Steam and Steam (1923, 1924, 1926, 1930) assumesthe 
formation of un-ionized complexes from amphoteric cell constituents and dye 
radicals, the basic dyes neutralizing the acidic groups of these constituents, and 
acid dyes the basic groups. 

(2) Ingraham’s hypothesis (1933) is based on a supposed poising effect of tie 
dyes upon the o.xidation-reduction potential (cf. Hoffmann and Rahn, 1941)- 

(3) Churchman’s hypothesis (1912, 1923) is that the dyes in question saturate 
certain specific protoplasmic groups, which have an affini ty for the former. 

Steam and Steam point out, among other arguments, that the stronger acton 
of basic dyes in more alkaline media, and correspondingly the stronger, action a 
acid dyes in more acid media, are in accordance with their hypothesis. Tte 
authors explain furthermore the more potentiated bacteriostatic effects oi al- 
kylated derivatives by their increased basic character. Hence, phenylatoS 
which lowers the basic property, diminishes the action. It is also possible fa 
explain the importance of the quinoid structure on the same basis, sue 
a structure being linked to the presence of an imino group of strong alau 
character. 

The theory of Steam and Steam provides no explanation for the signifie^^ 
of the third phenylic ring, nor for the unimportance of the third group or ^ 
weak action of derivatives with one quaternary group, unless it can be ® 
the corresponding groupings bear relationship with the ability to form un-io 
complexes. _ ..vjy 

Ingraham (1933) formulates certain objections against the exclusive v • 
of the hypothesis of Steam and Steam, some of which we shall mention 

(1) Ingi-aham contradicts the statement that acid dyes act more ^ 
acid media, affirming that the action of acid dyes depends only in a sma 

on the pH of the media, but except for this acid dyes as well as basic 
invariably more effective in alkaline media. . 

(2) Gram-positive anaerobes are relatively dye-tolerant, as are m 
those organisms which possess powerful reducing mechanisms. 



1947] 


BACTERIOSTATIC ASSAYS WITH ROSANILINB 


383 


Ingraham’s own hypothesis was inspired by the studies of Dubos (1929), who 
concludes that methylene blue inhibits microbial growth by poising the oxidation- 
reduction potential at a point unfavorable for germ multiphcation. 

It seems questionable, however, whether such a conclusion can be extended to 
include triphenylmethane dyes, since methylene blue is a typical oxidation- 
reduction indicator and buffer, whereas, as Ingraham herself states, gentian violet 
does not significantly change the oxidation-reduction potential of bacteriological 
media. We can only confirm this for malachite green (Fischer et al., 1944). 

Otherwise, some of the arguments and experimental results of Ingraham (1933) 
and Hoffmann and Rahn (1944) support the assumption of an interference by 
gentian violet mth microbial oxidation processes. Such an interference, however, 
does not necessarily beai- any relation to a poising of the potential, but may be 
explained by some other mechanism, such as blocking or inactivating ferments 
or other biological substances (cf. Quastel, 1932; Quastel and Wheatley, 1931). 

In fact, some of Ingraham’s arguments and experiments intended to prove a 
poising effect. of gentian violet are not fully convincing. Such heterogeneous 
processes as the simple formation of a carbinol base from the dye by NaOH and 
the necessarily destructive oxidation by peroxide are indistinctly designated by 
this author as more or less reversible “o.xidation,” without taking into con- 
sideration the chemical structure of the derivatives produced. The ineffective- 
ness of gentian violet after decolorization by iron dust and by peroxide is used, 
furthermore, as an argument in favor of the causal importance of changes of po- 
tential, and yet this ineffectiveness may be explained equally well as a conse- 
quence of structural alterations of very different character, such as the simple loss 
of quinoid structure by reduction (iron dust) and the destruction of the molecule 
by oxidation (peroxide). 

In our opinion a modernized form of Churchman’s hypothesis may be accepted, 
inamely, that triphenylmethane dyes act by blocking some important biological 
mechanisms, possibly connected with oxidation processes (cf. Davies, Hinshel- 
wood, and Pryce, 1944). 

EXPERIMENTAL 

1 In the experiments to be reported here the bacteriostatic effects of rosaniline 
;and its phenolic analog (rosolic acid) have been studied comparatively. 

The commercial preparations labeled “rosaniline” or “fuchsine” consist 
.generally of a mixture of this dye with a near homolog inaccurately called 
“pararosaniline” or “parafuchsine” (nor-rosaniline would be a more appropriate 
^name), which differsfrom rosaniline onlybythe absence of a methyl groupattached 
do one of the phenylic rings in an ortho position mth respect to the amino 
.group. The same relation exists between the corresponding phenolic analogs, 
^.rosolic acid and aurine. In order to be sure that the preparations used in our 
i:3.xperiments corresponded to one another in every respect, we prepared our 
‘rosolic acid” from the “rosaniline” used in these e.xperiments according to the 
^.nethod of Caro and Graebe (diazotization and hydrolysis). Figure 1 shows the 
itructures of these dyes, both of them in the form of a monovalent ion. 
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Rosaniline is a basic dye, wMcK in moderately acid solutions forms a moat 
valent cation. The ionized group has an immonium structure (methenyl 
quinimine ionized). Rosolic acid is a phenolic dye, which in moderately baa 
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TABLE 2 

Growth of yeasl in the presence of different concentrations of rosaniline and rosolic adi d 


varying pH values 


DY£ CONCENTRATIONS 

ROSANILINE 
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solutions forms a monovalent anion. The ionized group in this case is a p eB 
whereas the quinoid part of the molecule is a quinone (methenylquinone;. 

Besides these dyes we employed malachite green, a methylated ^ 
triphenylmethane dye, with a strong bacteriostatic action. The 
malachite green and rosaniline have been used in the form of chlorides an 
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acid in the form of sodium salt. The first series of assays has been dedicated to 
the study of the influence of the pH of the medium upon the bacteriostatic action 
of malachite green against bakers’ yeast. This germ is particularly interesting 
in this respect as it grows optimally in acid media. The yeast was cultivated in 
yeast water (1:8) containing 0.5 per cent glucose, buffered by acetate mixtures 
(m/15) and inoculated with 0.1 ml of a 1 per cent fresh yeast suspension. It was 
incubated for 24 hours at 20 C (table 1). 

The results clearly show the dependence of the bacteriostatic action of mala- 
chite green on the pH of the medium. Similar experiments with rosaniline 
and rosolic acid gave the results shown in table 2. 

It can be observed that the order of magnitude of the action of malachite green 
(table 1) is quite different from that of both rosaniline and rosolic acid (table 2), 
the methylated dye malachite green being effective at pH 5.3 in a dilution of 

TABLE 3 


Growth of germs in presence of varying concentrations of malachite green, rosaniline, and 

rosolic acid 


DYES 

STAPHYXOCOCCU8 

YEAST 

SHlCZLIA 

SBXftSZLIA 

E5CS2X1CHU 

Malachite green 

1:8,000,000- 

1:16,000,000-}- 

1:800,000- 

1:1,600,000-}- 

1:400,000- 

1:800,000-}- 

1:80,000- 

1:160,000-}- 

1:80,000- 

1:160,000-}- 

Bosaniline 

1:80,000- 

1:160,000-}- 

1:2,000- 

l:4,000-f 

1:2,000- 

1:4,000-}- 

1:2,000- 

l:4,000-f 

1:600- 

1:1,000-}- 

Rosolic acid 

1:40,000- 

1:80,000-}- 

1:1,000- 

1:2,000-}- 

1:1,000- 

1:2,000+ 

1:2,000- 

l:4,000-f 

1:600- 

1:1,000-}- 

pH 

7.6 

5.3 

7.1 

7.3 

7.3 


1:800,000, whereas both rosaniline and rosolic acid acted at the same pH only 
until they were diluted to 1:2,000 and 1:1,000, respectively. Furthermore 
there is clear evidence that the action of the basic dyes malachite green (table 1) 
and rosaniline (table 2) depends on the pH range. On the other hand, no such 
dependence appears in the case of the phenolic dye rosolic acid between the pH 
values of 5.3 and 6.6. More acid solutions could not be tested for this dye 
precipitated in such conditions. In more basic solutions there was no regular 
growth of yeast. 

In the following assays malachite green, rosaniline, and rosolic acid were tested 
against Staphylococcus aureus, Shigella, Escherichia coli, and Eberthella typhosa, 

' cultivated in peptone water and in broth. Inoculation was with 0.05 ml of a 
24-hour culture; readings occurred after 24 hours at 37 C (see table 3). 

There appears a very close parallelism between the bacteriostatic strength of 
rosaniline and that of rosolic acid against all the germs studied here, which belong 
' to very different classes of microorganisms and have very different dye sensi- 
tivities. The action of the methylated dye malachite green is in every instance 
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of a mucli higher order of magnitude than that of both rosaniline and rosoSc 
acid. It further seems that all three dyes have a stronger effect against staphj- 
lococcus than against the members of the coli-t 3 T)hoid group. In the case of 
gram-positive germs and Shigella, rosaniline acts somewhat more strongly than 
does rosolic acid, whereas both of them act with equal strength against Es- 
cherichia and Eberthella. 


DISCUSSION 


It is a well-established fact that basic dyes act more strongly in more alkaline 
solutions, thus supporting the hypothesis of Steam and Steam. But apparently 
this hyqiothesis cannot be applied so easily to the action of acid dyes, as they do 
not act more strongly in more acid solutions, as would be required by this 
hypothesis. On the contrary, they behave either like the basic dyes (showing 
only a weaker dependence on the pH value), as Ingraham states, or they are not 
influenced by pH ranges at all, as observed in om* assays. 

To explain this discrepancy between the bacteriostatic behaidor of basic and 
acid dyes, one may assume that the mode of action of both classes of triphenyl- 
methane dyes is different and that the hjrpothesis proposed by Steam and Stem 
is only valid for basic dyes. We thinlc, however, that the close parallelism ob- 
served between the action of rosaniline and that of rosolic acid against very dif- 
ferent kinds of microbes makes the existence of a similar mechanism of action in 
both cases more probable. If this is so, the basic character would not have any 
fundamental importance but would represent only one of the factors able to re- 
inforce the effectiveness. 

The importance of the quinoid structure and its presence in both rosaniline 
and rosolic acid may be used as an argument in favor of Ingraham’s thesis of 
poising action on the oxidation-reduction potential. However, as set forth earher, 
this hypothesis is not well supported asyet. It would be necessary to determine, 
in any case, the potentials of the different triphenylmethane dyes and to compare 
the values obtained with the strength of the bacteriostatic action of the corre- 
sponding dyes, as has already been done in the case of acridine dyes by Breyer, 


Buchanan, and Duewell (1944-, cf. Albert ei al., 1945). 

One is impressed, furthermore, by the great difference existing between e 
action of alkylated dyes, on one hand, and that of a nonalkylated base ay 
and an acid dye, on the other hand. Unless it can be shown that the change ® 
the strength of the basic character of the oxidation-reduction potential can: ^ 
by alkylation of the amino groups can be responsible for that difference, 
circumstance may rather indicate a partially different mode of action for alty 
ated and nonalkylated dyes (cf. Thornberry, 1931). There seems to 
further evidence in favor of such an assumption, for alkylation not o 
strengthens in a considerable degree the bacteriostatic action, but it also se 
to increase the importance of the quinoid structure for this action (see eai 
discussion of the varying relations between the activity of leuco bases _ 
quinoid dye salts in nonmethylated and methylated dyes). In pyridyl 
nf trinhenvimethane, alkylating and quinoid structure are of importance - 
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for the action against gram-positive organisms but not for gram-negative organ- 
isms. Apparently alkylation of the amino groups alters the bacteriostatic 
activity not only quantitatively but also qualitatively. It seems, therefore, 
not only that the bactericidal and bacteriostatic effects of triphenylmethane 
dyes may have different mechanisms (Churchman, 1912; Hoffman and Eahn, 
1944), but the mechanisms of the bacteriostatic effects of different derivatives 
against different microorganisms also may not be entirely identical, f inall y 
the conclusion reached by Breyer et al. (1944) in the case of acridine derivatives 
may be vahd also for triphenylmethane dyes, namely, that the activity cannot 
be connected to any single chemical or physical property, but represents the sum 
total of such properties. 
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SUMJIARY 

Whereas the basic dye rosaniline acts more strongly in a more alkaline medium, 
the action of the phenolic (acidic) dye rosolic acid shows no dependence on the 
pH value. 

The bacteriostatic effects of both rosaniline and rosolic acid are of the same 
order of magnitude, which is considerably lower than that of the methylated 
basic dye malachite green. 
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and the desired mineral salts solution was added. After 2 minutes of agitation 
the suspension was transferred to a flask and made up to 1,000 ml with the same 
solution. Twenty-five-ml aliquots were placed in 250-ml Erlenmeyer flasks, 
which were plugged with cotton and sterilized. Substances to be tested were 
then introduced in sterile 1-ml portions, after which the flasks were inoculated 
with 0.25 to 0.50 ml of a suspension of the organism. The accompanying un- 
inoculated control flasks were used for determinations of the original amount of 
cellulose and for the original determinations of hydrogen ion concentration. 

The mineral solution selected was that of Fuller (1942) containing 0.1 per 
cent NaNOs, 0.1 per cent K 2 HPO 4 , 0.05 per cent MgS 04 - 7 H 20 , 0.05 per cent 
KCl, 0.003 per cent yeast extract Difco (in place of yeast water), and 0.4 per 
cent ground filter paper. Twenty-five ml of the suspension per flask was found 
convenient. 

After a period predetermined for each organism, the flasks were removed 
from the shaker. The pH of the contents was determined by means of a Beck- 
man pH meter. Two and one-half ml of n/1 KOH was then added to the con- 
tents, and the flask was autoclaved for 15 minutes at 15 pounds’ pressure. Tke 
residue was filtered while hot through a Gooch crucible, washed with water, and 
dried at 102 C for 16 hours. After cooling, the crucibles were weighed, ignited 
in a muffle furnace, and reweighed. The uninoculated controls therefore rep- 
resent the original weight of ash-free cellulose, and the differences (control 
minus test) are losses in organic matter. Since no correction was made for 
the weight of the bacteria, the actual percentage of loss in cellulose was always 


greater than that reported. 

Filtration. One of the first problems in technique to be solved was that ol 
filtering. It was soon observed that at least 72 hours was required to Biter 
the 25 ml of residual mixture in the flasks after incubation. In order to speed 
up this operation several methods were tried, the KOH heat treatment described 
above proving most satisfactory By this method, the time required for fil- 
tering was reduced to 5 to 15 minutes, although an occasional sample requirm 
up to 30 minutes. The effect of the 0.1 n KOH and autoclaving on various sub- 


strates is shown in table 1. 

The results reveal only slight decomposition of the original cellulosic su 
strates, except for the cellulose dextrin with which the KOH treatments res 
in a partial dissolution. The effect of alkali on the residue is much greater t 
on the pure substrate. It is believed that this is a result of the decompoab® 
of bacteria and bacterial mucilage by the treatment, although the possib 1 
exists that intermediates of cellulose, similar to the dextrins described abovr^ 
are removed. In either case, it is thought that such treatment, in addition 
speeding up the filtering, gives a closer approximation to the actual amoun 


cellulose decomposed. j 

Fuller (1942) also used an alkali treatment, but without heat, and fo 0 
by 1 per cent acetic acid. His purpose was not, however, related to the pr 


of filtration described above. 
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TABLE 1 


Effect of prcfillering treatment with KOH on loss in weight of cellulose and of cellulose residues 


SUBSTRATE 

% l-OSS IN \VEIGHT DUE TO 
KOH + AUTOCLAVING 

Cellulosic material 


Filter paper, ground 

0 

Cotton fabric 

3 

Cellulose dextrin (from H 2 SOJ) 

78* 

Residues: filter paper— 


7-day decomposition by S. myxococeoides 

10 

11-day decomposition by S. myxococeoides 

21 

7-day decomposition by Cellulomonas sp 

8 

7-day decomposition by Spirochaela cylophaya, Gray’s 


USD A 

11 

11-day decomposition by Spirochaela cylophaga, Gra}'’s 


USDA 

16 




* Without KOH there was a 38 per cent loss on autoclaving. 



Fig. 1. Sh.\keu Modified to Give 120 Cvci.es per Min'vte 





392 


EL'ftTN T. EEESE 


[voL. 53 


A definite contribution to the problem of aerobic decomposition of cellulose 
was made by Fuller and Norman (1943) when they bubbled air through large 
volumes of a filter paper suspension in order to obtain quantities of residue for 
chemical analysis. Since our objective was to de\dse a method for studying the 
optimal conchtions for decomposition, it was possible to decrease the volume of 
suspension to 25 ml, aerated in 30-ml micro-Kj eldahl flasks. Several experiments 
employing this technique proved the method to be entirely adequate, but diffi- 
culties of manipulation (foaming, evaporation, sterihty, and aeration rate) 
made the method less desirable than the shaking technique subsequently used. 

TABLE 2 


Effect of flask size on decomposition of filler paper on a shaker doing 120 cycles per minute 



% LOSS 1.x WEIGHT* 

ORGANISil 

Shaken 6asks 

Unshakea 


125 ml 

250 ml 

250-ml flash 

Sporocytophaga myxococcoides 

54 

54 

1 

13 

Cellulomonas sp 

65 

oS 

32 


* Seven-day incubation period; 25 ml of medium. 


TABLE 3 


Effect of flask size on decomposition of filler paper by Cellulomonas sp. 


FLASK SIZE 1 

j 

SUSPENSION 

i 

DEPTH 

AXTRACE % LOSS IN WXIGHT* 

Open flaskst 


ml 

ml 

mm 


1 Sealed flasks* 

250 

25 

5 

14 


125 

25 

9 

19 

19 

125 

50 

16 

24 

21 

50 

25 

15 

34 

27 


* Six-day incubation period, 
t Cotton stoppers, 
t Sealed with paraffin. 


.A.GIT.\TION BY SHAKE FL.\SKS 

The speed of the reciprocal motion bo.x shakers commonly available is 
too high for use in bacteriological tvork. Reduction of the speed to 120 complete 
strokes per minute has been found satisfactory with 125-ml and 250-nil flas 
Since 100 mg of ground filter paper in 25 ml of mineral salts solution was foun 
to be the maximum amount if filtering was to be completed in a reasonable timei 
this quantity was used in the flasks on the shaker. Fom’ replicates were u- 
for each variable. The shaker was stopped for a 4-hour period each day, 
each flask was svdi’led gently to remove any ring which may have formed on 
sides of the flask. Incubation was at 30 C, though temperatures sometime- 
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went slightly above that. At the completion of each experiment, the residue 
was treated as described above. 

The effect of flask size on the rate of cellulosic decomposition by the two 
organisms was first studied. 

With S. myxococcoides, shaking increased the rate of decomposition four- 
fold, whereas with Cellulomonas sp. the rate was merely doubled. The former 
is, therefore, a much more aerobic organism than the latter. The odd position 
which the Celluhimnas sp. occupies is made clear fromf table 3. As the depth 
of the suspension increases, the rate of decomposition increases. But sealing 
lowers the rate, the inhibition increasing with decreasing air volume of the 
flask. It appears that abimdant air retards decomposition by this organism. 
Erlenmeyer flasks of 125- or 250-ml volume are adequate for S. myxococcoides, 
but the 50-ml size is superior for decomposition by Cellulomonas sp. 




Fig. 2. Effect of pH on Decoiiposition of Filtee Papee in Shake 
Flasks by AIicbooeganisms 

Curve I, S. myxococcoides (4 days); curve II, Cellulomonas sp. (6 days); curve III, 
Actinomyces sp. (PQD-B36D) (6 days). 

EFFECT OF HYDROGEN ION CONCENTRATION 

The effect of pH on decomposition may be related to the natme of the medium. 
In the present experiments, the medium for S. myxococcoides was a mineral salts 
solution conta inin g 12 ppm iron and no organic matter but the cellulose. The 
medium for the other organisms contained, besides the salts, luea as a source 
of nitrogen, yeast extract, and gelatin. In all cases, the optima for cellulose 
decomposition faU within the pH range 6.5 to 7.5. 

EFFECT OF NITROGEN SOURCE 

In studying the effect of the nitrogen source on the rate of decomposition, 
two nitrates, two ammonium compounds, and urea were selected (table 4). 
The nitrogen source was added in quantity equivalent to 0.165 g nitrogen per 
liter. 
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For both organisms ammonium nitrogen is as good as nitrate nitrogen, bat 
all ammonium compounds are not of equal value. The effect of the anion is 
quite definite, the carbonate being superior to the sulfate, though the difference 
in pH may be the deciding factor. As the ammonium nitrogen is utilized, the 

TABLE 4 


Effect of nitrogen source on rate of decomposition of cellulose by S. myxococcoides aid 

Cellulomonas ap. 


NO. 

NITHOGEN 

SOUEOS 

S. myxococcoides 4 days 

Cellulomonas sp. 6 days 

pH 

Avg % loss* 

Orig. 

Final 

Avsi%Ias’ 
in wei^t 

Oria. 

Final 

A 

NaNO, 

6.8 

7.7 

66 

7.3 

8.0 

46 

B 

Mg(NO,)! 

6.4 

7.7 

65 

6.8 

7.6 

48 

C 

(NHOjCO, 

6.9 

5.5 

61 

7.7 

6.0 

43 

D 

(NH4)jS04 

6.5 

6.2 

25 

6.8 

4.7 

27 

E 

Urea 

6.9 

7.2 

3 

7.3 

6.7 

6S 


• Average of 4 replicates. 



Fig. 3. Effect of Urea Concentration on Rate of Decouposition bt S. ursococcoitr^ 

(in THE Presence OF NITRATE N) ... 

I = no urea; II = 0.05 g N per liter as urea; III = 0.14 g N per liter as urea; IV = «• 

N per liter as urea; V = IV plus E. coli inoculum. 


pH drifts, the drift to the acid side being much greater for Cellulonwnas^ 
(pH 4.7) than for the S. myxococcoides (pH 6.2). It may be that urea is a 
nitrogen source for Cellulomonas sp. because there is so little change iB P 
during its utilization. ^ 

Urea exerts an interesting influence on these organisms. In the 
S. myxococcoides, not only is it not available (table 4), but it is actually 
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(figure 3). Whea it is added to the usual medium contaiaing NaNOs, it consid- 
erably reduces the rate of decomposition. Winogradsky (1939) reported 
a similar inhibition by 0.3 m urea in the case of another organism, Nitrobacter. 
Our results show a much higher degree of toxicity, 0.002 m urea slowing down the 
rate significantly. A light Escherichia coli inoculum added to the solution of 
highest urea concentration increases the rate of decomposition over that shown 
without the E. coli, apparently by reducing the urea concentration from 0.41 
to approximately 0.14 g N per liter. (This high degree of toxicity of urea does 
not apply to its use in agar, where fabric strips are being decomposed on the agar 
surface.) 

In direct contrast with the foregoing is the effect of luea on Cellulomonas 
sp. (table 4). This bacterium prefers urea nitrogen. The third possibility. 



CONC. NaMOj 6RAM5 PER LITER 

Fig. 4. Effect op NaNOj Concentration on Rate of Decomposition of Filter Paper 

BT S. MTXOCOCCOIDBS (3 DatB* InCUBATION) 

urea nitrogen being equal to nitrate nitrogen, is exemplified by Actinomyces 
sp. (PQD-B36D). At the end of 6 days’ incubation on the shaker, the medium 
containing urea gave 59 per cent loss in weight while that containing sodium 
nitrate also gave 59 per cent loss. 

EFFECT OF OTHER SALTS 

Examination of the value of other salts in the medium indicated that for both 
bacteria potassium chloride had practically no effect up to a concentration of 
2.5 g per liter. Above this concentration, a toxic action is apparent (figure 5), 
which is probably a result of the high total salt concentration. When studying 
the action of a particular salt, therefore, it would appear to be necessary to vary 
the concentration of the other salts, so that the total molar concentration remains 
constant. This is especially important when the concentration being studied 
exceeds 0.06 n. Above that point, the effects of the variable would be obscured 
by the high total concentration. 

Magnesium sulfate is important to both bacteria. The addition of 0.5 g per 
liter of this salt nearly doubled the rate of decomposition. Iron salts are stunu- 
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latory to S. myxqcoccoides but show no such effect on Celluhrmnas sp. (figure 6), 
If, however, the phosphate concenti'ation is increased from 0.01 m to 0.06 n 
the stimulatory effect of iron on S. myxococcoides disappears. 

Results mth other minor elements (Cu, Zn, B, Mo, Mn) show no stimulatioa 
whatsoever. Copper is toxic® to both organisms at 1 ppm. Manganese is 



Fig; 5. Effect of Inceeasing PoTAssimi Chloride Concentration on DECoitrosinoS 
OF Filter Paper bt S. myxococcoides (3 Days) 



Fig. 6. Effect of Iron Concentration on Rate op Decomposition 
OP Filter Paper by Microorganisms 
Curve I, S. myxococcoides (5 days); curve II, Cellulomonas sp. (6 days). 

toxic to Cellulomonas sp. at 1 ppm but is without effect on S. myxococcoi 
even at 5 ppm. 


EFFECT OF YEAST EXTRACT. AND GELATIN 

In the aeration experiments, there was an indication that yeast extract ■ 
gelatin might be of some value to S. myxococcoides in aerated flasks, & 

* By toxic here is meant a decrease in the rate of decomposition from about 50 per 
for controls to less than 5 per cent for flasks containing the element in question. 
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only 12 per cent decomposition was obtained in 6 days, however, shaker tests 
(table 5) were run to clarify the issue. . The results indicate that no advantage 
is gained by the addition of these substances to the medium found optimum for 
this organism. On the other hand, results M-ith Cellulomonas sp. on the shaker 
(table 6) confirm those of the aeration tests regarding the necessity of yeast 
and of gelatin for maximum decomposition. 

TABLE 5 


Effect of yeast extract and gelatin on cellulose decomposition by S. myxococcoides in 

shaker flasks 


1 

.w. 

VAxiAnos 



IIG KESIDUZ 



pH 

7o gelatin 

% yeast 
extract 

D 

2 

3 

D 

Avg 

IN \raCHT 

Orig. 

Final 


0 

0 

24 

27 

29 

33 

28 

71 


BB 

2 

0 

0.004 

26 

27 

27 

30 

28 

71 



3 

0 

0.04 

31 

32 

37 

— 

33 

66 



4 

0.004 

0.004 

26 

29 

30 

30 

29 

70 



5 

0 

0 

24 

29 

31 

— 

28 

71 



6 

Uninoc. controls 

94 

96 

96 

99 

97 

94.4 


m 

m 


TABLE 6 


Effect of yeast extract and gelatin on decomposition of filter paper by Cellulomonas sp. 

(6 days on sliaker) 


NO. 

VAKTAnOW 

liG SESmUE 

AVG % 
LOSS IN 
■WIHCHT 

pH 

% gelatin 

% yeast 
extract 

B 

2 

3 

4 

Avg 

Orig. 

Final 

1 

0 

0 

102 

102 

99 


101 

0 

7.5 

7.2 


2 

0 

0.004 

75 

75 

78 


76 

25 

— 

7.4 

7.5 

3 

0.004 

0.004 


74 

67 


71 

30 

7.5 

7.5 

7.7 

4 

0.004 

0.04 


37 

35 


36 

64 

7.5 

6.5 


5 

0.04 

0.004 


74 

72 


75 

26 

7.5 

6.3 

6.4 


Uninoc. checks 

101 

102 

99 

100 

101 

— 

— 

— 



* Five-day result. 


DECOMPOSITION RATE AT OPTIMAL CONDITIONS 

Under conditions believed to be optimal for each organism, the rate of decom- 
)osition of cellulose in shaker flasks was determined. For S. myxococcoides 
he medium contained m/1 potasium phosphate buffer (pH 6.7), 10 mljNaNOj, 
.0 g; MgS04.7Ho0, 0.5 g; FeS04-7H20, 0.05 g; and the cellulose at -4 g per liter, 
j'or Cellulomonas sp., the medium consisted of urea, 0.356 g; ^IgSOjwHjO, 
••5 g; m/1 potassium phosphate buffer (pH 7.6), 10 ml; yeast extract, 0.3 g; 
[elatin, 0.03 g; and ground filter paper, 4 g per liter. The first medium nas 
ilaced in 250-ml flasks, and the second in 50-ml flasks. The cultures is ere re- 
noved from the shaker at various intervals, and the loss in cellulose was deter- 
mined. The results of this experiment are plotted in figure /. 
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Cellulomonas sp. decomposed filter paper at a rate equal to that of S. myxom 
coides. The figure, 50 per cent loss in weight in 3 days, is, however, not equa 
to the best obtained by the latter. It is the highest rate obtained by the Cel 
lulomonas sp. in any of the present experiments. 

All curves finally level off while the undissolved residue remaining is stil 
over 20 per cent. Just how much of the residue is bacterial substance and hon 
much cellulose has not been determined. 

With Cellulomonas sp., there was a continued drop in pH. Thus, the fina 
pH values in either case were near the extreme end of the range of activity foi 
each organism, so that any remaining cellulose would be decomposed at a verj 
slow rate. Calcium carbonate added to three flasks of Cellulomonas sp. at tk 



Fig. 7. Rate of Decomposition of Cellulose 
S. myxocQccoides, curve I, filter paper; curve II, cotton cloth. 
Cellulomonas ap., curve III, filter paper; curve IV, pH vs. time. 


beginning of the experiment kept the pH up to 6.8 to 7.0 at the end of 5 daP 
(compared to 6.1 without calcium carbonate), but the amount of final resi ue 
(36 mg) was not significantly different from that without calcium carbons e 
(33 mg). It appears, therefore, that the residue is mainly bacterial substanK 
and not cellulose. 

It is believed that the two organisms studied, isolated from 


should prove useful in tests demgned to determine the resistance 


T JLLX UVykJVIS 1 , . 

cotton fabric to microbial action. It is of the utmost importance that org 
showing the greatest dissimilarity be used in such tests. S. myxoco 
and the fungi are alike in many respects. They are highly aerobic an 
a preference for low pH, but they differ in mode of action on the ^ 
lulomonas sp. differs from all in being most active as anaerobic con 
are approached. 
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APPLICABILITY OP SHAKER METHOD TO FUNGI 

To this point, data have been presented relative to the use of aeration and 
particularly of shaker flasks, in a study of cellulose-decomposing bacteria. 
The applicability to fungus studies was next investigated. Five fungi of dif- 
ferent cellulose-decomposing ability were selected. Aspergillus niger (J745) 
was included because of conflicting reports on its ability to utilize cellulose. 
The other fungi are recognized cellulose destroyers. 

Humicola, Metarrhizum, and Chaelomiiim formed heavy rings of deposited 
material on the flask above the liquid level. These were not washed down dining 
the course of the experiment. At the end of the incubation period, the residues 
were treated with 0.1 volume m/1 potassium hydroxide and autoclaved, as was 

TABLE 7 


Decomposition of filler paper in shaker flasks by various fungi 


TtTKGUS 

i 

DAYS 

IKCUBAT^ 

, UQ imsiDTJi: 

ATO % LOSS 

IN WEIGHT 

1 

2 

Avg 

Chaetornium globosum, USDA 

3 

90 

S9 

90 

14 

1042.4 






Sumicola ap., PQMD 34e 

3 


56 

53 

50 

Metarrhizum glutinosum, USDA 

3 


64 

62 

41 

1334.2 


MB 




Uninoo. controls 

3 

BH 

105 


— 




107 

105 


Aspergillus terreus, MIT 7 

6 

1 

52 

IM 

■9 

51 

Aspergillus niger, J745 

6 

104 

BM 

BM 

0 


customary with the bacterial residues. In spite of the ring formation, the re- 
sults of duplicate flasks were in good agreement, and the rate of breakdown was 
rapid. Furthermore, the descending order of activities {Humicola and Me- 
iarrhizum, Chaetornium, Aspergillus terreuSjA.niger') is the same as that determined 
for these organisms by Dr. W. L. White, of the Tropical Deterioration Research 
Laboratory, using the loss in tensile strength of fabric on agar as a criterion, 
d. terreus, which was cultured for 6 days, formed less of a ring, and the ring was 
Washed down daily. This would tend to result in more uniform action than 
would be found with the heavy rings of the faster-growing fungi. 

SUMMARY 

Two methods for studying cellulose decomposition quantitatively were inves- 
tigated. Both methods gave good results. Aeration involved the problem of 
preventing contamination and wetting plugs by bubble formation. The use 
of shaker flggVH at 120 cycles per minute was shown to be an e.xcellent method 
for the study of microbial decomposition of cellulose. 

The optimal conditions for two cellulose-decomposing organisms were partially 
Worked out. It was shown that S. myxococcoides is a strongly aerobic organism. 




















400 


ELWYN T. REESE 


[vOL. 53 


capable of high rates of decomposition of pure cellulose. It is greatly stimulated 
by 10 ppm Fe++ and has its optimal pH near 6.5. No growth factors appear 
to be necessary. Cellulomonas sp. requires very httle oxygen for its optimal 
rate of decomposition but is dependent upon an external source of growth sub- 
stances. It is not stimulated by iron, has an optimal pH near 7.5, and utilizes 
urea nitrogen preferentially to nitrate nitrogen. 

REFERENCES 

FtriiiiER, W. H. 1942 The isolation, of aerobic cellulose-decomposing organisms and 
their action on cellulose and associated plant constituents. Thesis, Department of 
Agronomy, Iowa State College. 

Fuller, W. H., and Norman, A. G. 1943 Cellulose decomposition by aerobic meso- 
philic bacteria from soil. J. Bact., 46, 281-289. 

Winogradsky, S. 1939 In M. Stephenson, Bacterial metabolism. Longmans, Green 
& Co., New York. Refer to p. 267. 



COMPAEATIVE ACTION OF BROMINE AND IODINE ON TOXIC 
ENZYMES OF STAPHYLOCOCCUS AUREUS AND 
STREPTOCOCCUS PYOGENES^ 

H. FARKAS 

Department of Hygiene and Bacteriology, The Hebrew University, Jerusalem 
Received for publication November 26, 1946 

It is well known that iodine is widely used as a disinfectant for small woimds. 
The aim of the present work was to find out whether bromine can replace iodine 
for this purpose. 

Experiments carried out by Babcock (1945) on man and by the author on 
rabbits in vivo (to be published shortly) showed that treatment of wounds with 
elementary bromine had a marked therapeutic effect. Toxicity tests comparing 
the action of bromine and iodine on leucocytes and living embryos, the results 
of which will be published shortly, have shown further that bromine is a good 
disinfectant in vivo, and that it is even more effective than iodine in these con- 
ditions. 

In order to imderstand these results better it was decided to investigate the 
effect of these two halogens on a number of bacterial toxic enzymes, viz., hemol- 
ysins, fibrinolysins, coagulase, and spreading factor. Tests of these agents 
were held to be of interest because it seemed possible that the inhibition of their 
action by antiseptics is connected with the activity of the latter when applied 
in vivo. Destruction of the enzymes would prevent the microorganisms from 
damaging the attacked body. 

METHODS AND HESULTS 

The effect of bromine and iodine on the coagulase of Staphylococcus aureus.^ 
Citrated rabbit’s blood was centrifuged for 5 minutes. The plasma obtained 
was diluted 1:10; 0.3 ml of the latter were added to 0.5 ml of filtrate obtained 
from a Staphylococcus aureus culture grown in broth for 24 hours at 37 C. The 
broth was filtered through a Berkefeld N filter. After the contents had been 
well mixed, the test tubes were incubated at 37 C imtil a clot was detected. 

Varying concentrations of bromine and iodine in distilled water were added 
to the filtrate containing the coagulase. Then plasma was added, and the whole 
was incubated for 24 hours at 37 C. The concentrations of halogens which in- 
hibited the formation of the clot were determined. Bromine in a concentration 

^ Based on data submitted in partial fulfillment of the requirements for the degree 
of Ph.D., The Hebrew University, January, 1946. 

The investigation was supported by a grant from Palestine Potash, Ltd. 

“ An attempt was made to reduce bromine and iodine to bromide and iodide, respec- 
tively, after different contact times between halogen and enzyme. Potassium iodide 
and sodium thiosulfate were used for this purpose. However, complications were en- 
countered in these experiments as the tetrathionate which is formed by the reaction has 
an inhibiting effect on the enzymes. The procedure was therefore abandoned. 
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of 0.3 per cent or more prevents the appearance of the clot. With iodine, the 
same inhibition is caused only in a concentration of at least 0.8 per cent or more. 
Thus, bromine is 3.5 times as active as iodine as a suppressor of the coagulase 
of S. aureus. 

The effect of bromine and iodine on the coagulase of Streptococcus pyogenes. 
Undiluted plasma, obtained from citrated rabbit’s blood, was used. Three- 
tenths ml of plasma were added to 0.3 ml of supernatant fluid, which was obtained 
by the centrifugation of Streptococcus pyogenes grown in broth containing 3 


TABLE 1 


The action of coagulase obtained from Staphylococcus aureus and Streptococcus pyogenci 
in the presence of iodine and bromine 


HAIOGEK 

TESTED 

concektkatiok 

lit FEE CENT , 

i 

SOnSCE OE COAGULASE 

COAGDIATIOM ATTIK TDIZ OF CONTACT BETWEEN COACBUSI 
AND HALOGEN (UIN) 

5 

15 

30 

60 

90 

Ij 

0.9 

S. aureus 

— 


— 




0.8 

S. aureus 

— 

— 

— 




0.7 

S. aureus 


+ 

+ 




0.6 

S. aureus 

+ 

+ 

+ 



Br, 

0.4 

S. aureus 

— 

— 

- 




0.3 

S. aureus 

— 

— 

— 




0.2 

S. aureus 


+ 

+ 




0.1 

S. aureus 

+ 

4“ 

+ 



— 

— 

S. aureus 

+ 

+ 




L 

0.6 

— 

— 


— 



Br, 

0.1 

— 

— 

— 

— 



L 

0.05 

S. pyogenes 



_ 

— 

i 


0.04 

S. pyogenes 



— 




0.03 

S. pyogenes 



+ 


-t 


0.02 

S. pyogenes 



+ 

+ 

•f 

Brj 

0.3 

S. pyogenes 



- 

— 

■■ 

i 

0.2 

S. pyogenes 



— 

— 


i 

0.1 

S. pyogenes 



+ 

+ 



0.09 

S. pyogenes 



+ 

+ 

+ 

— 

_ 

— 



+ 

+ 

-f 

Ij 

0.01 

— 



— 

— 

"" 

Brj 

0.09 

— 



— 

— 



per cent serum for 24 hours at 37 C. After thorough mixing, incubation las 
24 hours, and at the end of this time the results were read. , 

The method used for testing the coagulase of the staphylococcus was einplo} ^ 
with the streptococcus. As is seen in the second part of table 1, 
concentration of 0.2 per cent or above suppresses the action of coagulase, 
was more effective than bromine since in a concentration as low as 0.04 per 


lodiae 

cent 


it inhib ited the action of the coagulase. 


Thus the activity ratio is 5 in 
of iodine. _ 

The effect of bromine and iodine on staphylolysin and streptolysin, o- “ 
was grown in broth constantly aerated. S. pyogenes, on the other nan , 
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not aerated during growth, but 3 per cent of rabbit’s serum was added to the 
broth, .\fter growth for 24 hours at 37 C, the broth was centrifuged for 25 
minutes. The supernatant fluid which contained the hemolysins was removed. 
The broth containing the bacteria was not used, as it was important to eliminate 
the effect of the halogens on the bacteria themselves in order to-determine the 
effect upon the hemolysins per se. Equal amoimts of a suspension of 1 per cent 
washed rabbit's erythrocytes in saline were added to the solution of the hemoly- 
sins. The results of hemolysis were read after this mixture had been kept 
for 2 hours at 37 C and for 24 hours in an icebox. 

T.ABLE 2 


Aclion of slaphylolysin and slreplolyain in the presence of iodine and bromine 



1 






HAIOCP 

TXSZZD 

C02>'CZ2£T2ATX02< 

ispraczhT 

LTSIK ALSZa 

KAZjym (igy) 



5 

7-5 

10 

I> 

1 

0.5 

nJ 

Staphylolysin 0.5 


_ 




0.4 

Staphylolysin 0.5 


:= 

SI 

— 


0.3 

Staphylolysin 0.5 

-r 

4* 

4“ 

4- 


0.2 

Staphylolysin 0.5 

"T 

-r 

t 

-r 

Br, 

0.09 

Staphylolysin 0.5 

— 

— 

— 

— 


0.075 

Staphylolysin 0.5 




SZ 


0.06 

Staphylolysin 0.5 

~r 

"f 

"T" 

4” 


0.05 

Staphylolysin 0.5 

T 

4- 

4- 

4- 

— 

— 

Staphylolysin 0.5 

-r 

4- 

1 

4- 

It 

0.3 

— 


— 

— 

— 

Brj 

0.06 

— 

— 

— 

— 

— 

la 

0.2 

Streptolysin 0.5 

— 

— 

— 

— 


0.1 

Streptolysin 0.5 

= 


— 

— 


0.08 

Streptolysin 0.5 


SI 

=: 

= 


0.07 

Streptolysin 0.5 

-r 

4" 

»■ 

4- 

Bra 

0.04 

Streptolysin 0.5 

— 

— 

— 

— 


0.03 

Streptolysin 0.5 

— 

— 

— 

— 


0.02 

Streptolysin 0.5 




— 


0.01 . 

Streptolysin 0.5 

-r 

4- 


4* 

— 

— 

Streptolysin 0.5 

-I- 

I 

4- 

4* 

4* 

la 

0.08 

— 


— 

— 

— 

Br, 

0.01 

— 

— 

— 

— 

— 


Dilutions of bromine and iodine in distilled water in concentrations of 0.5 
to 0.01 per cent were mixed with the supernatant fluid and left in contact for 
2i, 5, 10, and 30 minutes. The Tnim'mnm concentrations of halogens that 
destroy the hemolytic power of the fluid were dete rmin ed. 

It was found that bromine in a concentration of 0.075 per cent destroyed the 
hemolytic power of the staphylolysin, whereas iodine exerted the same effect 
in a concentration of 0.4 per cent or above. In the case of streptolysin it was 
found that bromine in a concentration of 0.02 per cent destroys the activity, 
whereas iodine exerts the same effect only in concentrations of 0.08 per cent or 
above. 
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Thus it seems that bromine has 5.3 times the activity of iodine in destroying 
the hemolysins of S. aureus and 4 times the activity of iodine with respect to 
the hemolysins of /S', 'pyogenes. 

The effect of bromine and iodine on fibrinolysin of S. pyogenes {group A), Ac- 
cording to Tillett (1938) a striking liquefaction of fibrin is obtained when the 
source of bacteria and fibrin is from the same species, human or animal. 

Fibrinolysin from /S. pyogenes from a human source and the plasma from human 
blood were used. The bacteria were grown in broth containing 3 per cent Bcrum 
for 24 hours at 37 C. The broth was then centrifuged for 25 minutes (2,500 rpm). 
The supernatant fluid containing the fibrinolysin, but no bacteria, was removed 
and used. Three-tenths ml of the latter fluid were added to 0.3 ml of citrate! 
human plasma previously diluted 1:5 in saline. Then 0.2 ml of 0.25 per cent 
CaCb were added, thoroughly mixed, and incubated at 37 C, After the appear- 


TABLE 3 


Action of fibrimlyain obtained from Streptococcus pyogenes in the presence of 

iodine and bromine 


WALOOnN T15IJTCO 

COliCIlNTKATIOIf 
Olf iMLOOEff IN 

QUANXify OP 

PlIiniNOLYKIN 

JI 11 UIUOI.YSI 11 AYTKu nuz (» coNiAa DEmtn 
yiuiiiHOLyuin Aim iiaiooek (uW/ 


I'liK cilur 

AUUZl) 

30 

CO 

50 

h 








■IH 

— 

— 

— 


0.04 



— ■ 

— 


0.03 

0.3 

+ 

•1- 



0.02 

0.3 

+ 

+ 

+ 

Brj 

0.00 

0.3 


— 



0.05 

0.3 

4- 


+ 


0.04 

0.3 

-f 


+ 

— 

- 

0.3 

-b 

•f 

+ 

I 2 

0.03 

— 

— 

— 


Bra 

0.04 

— 

— 

! 



ance of a clot the test tubes were removed to 45 C for another 24 hours, f ® 
results were then read. 

Equal amounts of the fluid containing fibrinolysins were added to various 
concentrations of the halogens. The exposure was between 30 to 90 ' 

The concentrations which prevent the appearance of liquefaction 
mined, llromine and iodine arc about equal in their inhibitory activity c 
fibrinolysin. _ , 

The effect of bromine and iodine on spreading factors. The spreading s 
is an enzyme found in many bacteria. The penetrating power of the mw 
organisms through tissues is probably duo to this enzyme , „it 

1933, 1935, 1942). The spreading factor of testicular extracts was 
is known to be identical with the spreading factor obtained from ^ ^ 

Bulls’ testes were stripped of membrane. The glandular tissue was f 
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with sand and 4 volumes of isotonic saline. The extract was centrifuged and 
then filtered thi-ough a Berkefeld V or W filter. The fluid can be stored in an 
icebox for months. For testing the effect of spreading factor the solution was 
diluted with equal parts of saline, and 0.2 ml were mixed in a syringe with 0.3 
ml of a diluted solution of india ink (one drop per 10 ml of saline). Afterwards 
this mixture was injected intracutaneously in a rabbit. Control injections 
without the spreading factor were conducted on the same rabbit. The area 
through w'hich the fluid spreads was measured after specified time intervals. 

Various dilutions of bromine and iodine were added in equal amounts to the 
spreading factor in dilutions as described above. The range of contact varied 

TABLE 4 


Action of the spreading factor brought in contact with halogens at least for 2 minutes 
(Area spread measured 30 minutes after injection) 


Bn 

AS£A SFS£AO 

ij 

A^A SFBEAD 

per cent 

cm^ 

per cent 

cm^ 

1.0 

0.5-0. 7 

1.0 

0.7 

0.5. 

0.5-0. 7 

0.9 

0.7 

0.3 

0.5-0. 7 

0.8 

0.7 

0.2 

4-5 

0.75 

4-5 

Control 

4-5 

Control 

4-5 


TABLE 5 


Minimum suppressive concentrations of bromine and iodine for different toxic enzymes 


ENZYME 

50CBCE 

MINIMAL ACTIVE CONCENTRATION 

OF HALOGEN 



Bn 


Coagulase 

S. aureus 

per cent 

0.3 

per cent 

0.8 

Coagulase 

S. vvoaenes 

0.2 

0.04 

Hemolysin 

S. aureus 

0.075 

0.4 

Hemolysin 

S. pyogenes 

0.02 

0.08 

Pibrinolysin 

S. pyogenes 

0.06 

0.04 

Spreadine factor. 

Bulls’ testes 

0.2 

0.75 


from 2 minutes to 24 hours at room temperature. After the contact, 0.5 ml 
of the mixture were injected intracutaneously and the blackened area was meas- 
ured after 30 minutes. 

It was found that the inhibitory concentrations were as effective after 2 minutes 
as after 24 hours. Concentrations which failed to inhibit the action after a 
contact of 2 minutes did not show any influence after a contact of 24 hours. 

It was found that bromine in a concentration of 0.2 per cent was able to elinu- 
nate the action of the spreading factor, whereas iodine exerted the same effect 
only in a concentration of 0.75 per cent or more. Bromine was therefore 3.75 
times as active as iodine. 
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SUiniABY 

MiuiTmiTTi suppressive doses of bromine and iodine for different toxic enzymes 
of pathogenic cocci have been determined. 

The coagulase of Staphylococcus aureus was attacked and destroyed by bromme 
at a concentration of 0.3 per cent, whereas iodine had the same effect only at a 
concentration of 0.8 per cent. 

With the coagulase of Streptococcus pyogenes iodine in a low concentratioa 
of 0.04 per cent had the same effect as bromine in a concentration of 0.2 per cent 
For the hemolysins of S. aureus it was found that bromine in a concentration 
of 0.075 per cent destroyed the activity, whereas iodine exerted the same eSect 
only in a concentration of 0.4 per cent. 

Hemolysins of S. pyogenes were also more readily attacked by bromine than 
by iodine. The former stopped hemolysin action in a concentration of 0.02 
per cent, whereas the latter was effective only in a concentration of 0.08 per cent 
Fibrinolysin of S. pyogenes was eliminated by bromine in a concentration 
of 0.06 per cent and by iodine in a concentration of 0.04 per cent. 

The spreading factor was destroyed by bromine in a concentration of Oi 
per cent, whereas iodine had to be used in a concentration of 0.75 per centm 
order to exert the same effect. 
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Received for publication December 6, 1946 

The identification of the various species of the genus Lactobacillus presents 
a problem in that so many characters of the species in the genus as a whole are 
similar. Characters such as the utilization of carbon compounds are variable 
among the strains of a species as well as among the species and, therefore, are 
valuable only when correlated with other characters. Observations over a 
period of years have led me to wonder whether character variations might not 
be due to change or dissociation of strains, and therefore some of the data have 
been reviewed from this viewpoint. 

In the original description of Lactobacillus acidophilus (Bacillus acidophilus) 
by Moro (1900) he described a slender gram-positive rod which formed small 
colonies of irregular shape with numerous fine radiant or ramified projections. 
The organism produced a weak acid reaction in mUk. Kulp and Rettger (1924) 
and Curran, Rogers, and Whittier (1933) found that the species produced in- 
active lactic acid. Von Freudenreich (1897) isolated several acid-producing 
bacteria from milk products and designated them by Greek letters. Orla- 
Jensen (1919) designated the strains Bacillus a and e of von Freudenreich as 
Streptobacterium casei and Therinobactenum helveticuni. Orla-Jensen stated, 
in discussing the species Streptobacterium casei, “The power of forming dex- 
tro-lactic acid is, however, by far the most constant, and many strains which 
at first formed almost exclusively inactive lactic acid have yet in the course 
of years ended by for min g pure dextro-lactic acid.” In a footnote he further 
stated: “They often exhibit exactly the same mutations. They may, however, 
also be found to differ suddenly in their relation to one or another of the sugars.” 
The significance of these statements was not appreciated until recently. Kope- 
loff and Kopeloff (1937) observed that strains of Lactobacillus acidophilus that 
produced rough colonies produced inactive lactic acid, whereas strains that 
produced smooth colonies produced dextrorotatory lactic acid. Hadley, 
Bunting, and Delves (1930) believed they could convert colony types by selec- 
tion. 

The form of lactic acid produced by bacteria has been used to characterize 
types since the early work of Schardinger (1890) and NencM (1891), who re- 
ported that pure cultures always produce the same t 3 ^e of acid. Most of the 
late work upon strains of lactobacilli has shown that a species will always produce 
the same type of acid. Curran, Rogers, and Whittier (1933) studied a number 

‘ Approved by the Director of the New York State Agricultural Experiment Station for 
publication as Journal Paper No. 688, November 27, 1946. 
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of strains which had been identified by various workers as Lactobacillus aci- 
dophilus. Many of them produced inactive lactic acid, but some produced dex- 
trorotatory lactic acid. In studying strains of Lactobacillus plantanm, Pederson 
(1936) found that the type of lactic acid produced was the most constant charac- 
ter by which this species could be separated from Lactobacillus casei. Curran, 
Rogers, and Whittier (1933) suggested a close relationship between Lactohacillus 
casei and Lactobacillus acidophilus. Kulp and Rettger (1924) noted a relation- 
ship between Lactobacillus acidophilus and Lactobacillus bulgaricus. However, 
Sherman and Hodge (1936) separated these two species rather readily, particu- 
larly by temperatme of growth. 

Colonies of many species of the genus Lactobacillus are small, round, or 
lens-shaped and somewhat dense. In general, they would be considered as 
smooth types of colonies. Colonies of Lactobacillus acidophilus are usually 
distinguished by their filamentous, fine type of growth. 

In studying strains of Lactohacillus acidophilus received from Cruickshani 
and the I&al Collection, it was observed that they formed smooth colonies and 
produced dextrorotatory lactic acid just as do cultmes of Lactobacillus casei, 
contrary to the original description of this species. Many of the strains studied 
by Curran, Rogers, and Whittier and by others were then obtained for further 
study. 


CULTURES STUDIED 

As cultures were received, they were transferred to litmus milk, incubated 
at 32 C, and after sufficient growth occurred to acidify the milk, the tenders 
were stored at 1 C. Cultures were transferred at frequent intervals, sometimes 
being held as long as four months. In addition to milk, media ordinarily used 
contained 0.5 per cent tryptone, 0.3 per cent yeast extract, agar in solid media, 
and sugars in concentrations from 0.5 to 3 per cent. 

The characters studied were morphology, colony type, growth in litmus milh, 
temperature of growth, fermentation of carbon compounds, and production o 
volatile and nonvolatile acids and carbon dioxide from sugar. Attempts were 
made by the selection of colonies and the use of phenol and lithium chloride m 
media to obtain the different colony types. Carbon dioxide production fro® 
glucose was observed in Eldredge tubes using barimn hydroxide to absorb t e 
carbon dioxide. Acid was titrated with n/ 10 sodium hydroxide, and car on 
dioxide was determined by titration of excess barimn hydroxide with ^7 
sulfuric acid and calculation of the carbon dioxide absorbed. Lactic and ^ , 
acids were determined by the method described by Pederson, Peterson, 
Fred (1926). 


The cultures studied included 14 strains isolated from dental canes, 


8 from 


acidophilus milk, 10 from the human mouth, 2 from the intestinal 
of humans and 2 from rats, 2 from the human vagina, 4 from niilk, 3 ^ 
cheese, 1 from butter, and several other strains identified as Lactobace 
dophilus, as well as 9 authentic strains of closely related species includmg 
bacillus helveticus, Lactobacillus bulgaricus, Lactobacillus lactis, and Lac ^ 
bulgaricus var. jugurt. Besides the 34 cultures from various sources recei 



1947] 


LACTOBACILLUS ACIDOPHILUS AND LACTOBACILLUS CASEI 


409 


from Curran, 3 from Cruicksbank, and 3 from the I&al Collection, cultures 
from Orla-Jensen, Rettger, Sherwood, Sullivan, Demeter, Squibb Institute, 
Harrison, and the American Type Culture Collection were included in the 
series. 


EXPERIMENTAL RESULTS 

It was observed that although many of the cultures grew weU in litmus milk 
when first obtained, reducing the litmus from the bottom and producing a solid 
curd, other cultures grew less readily and some would scarcely produce enough 
acid to curdle the milk. However, as the cultures W’ere transferred several 
times, they became more active, growing readily in htmus milk or agar stabs. 
Milk was curdled rapidly and the Utmus was reduced. Although no definite 
record was kept, it seemed that growth occmTed more readily at 32 C than it 
did w'hen the cultures were first received. 

In broth the majority of strains were gram-positive short rods that often 
occurred in pairs or short chains. They stained rather poorly from milk with 
methylene blue. With few exceptions, cultures produced a smooth, round, or 
lens-shaped colony. Occasional colonies showed roughened edges. The type 
of colony could not be affected by the addition of Hthium chloride or phenol 
to the media. Rough colony strains could be propagated from smooth strains 
only from culture no. 35. Culture no. 22 continued to produce rough strains 
throughout the study, and culture Sc changed from a rough to a smooth strain 
during the course of the study. 

Most of the strains of related species could be distinguished from the Lacto- 
bacillus casei and Lactobacillus acidophilus strains by morphological as well 
as cultural characters. A few weak oral strains could be distinguished by 
several characters. The total acidity of the Lactobacillus casei and Lactobacillus 
acidophilus cultures that curdled milk varied from 1.23 to 2.13 per cent as lactic 
acid and the hydrogen ion concentration from pH 3.46 to 3.82. 

In the fermentation of different sugars and related carbon compoimds, the 
various cultures also showed a marked correlation. All cultures either failed 
to ferment or produced only a small amount of acid from glycerol, xylose, dex- 
trin, and starch (figures la and lb). Aslightly greater activity was shown toward 
arabinose, rhamnose, and mannitol, and all or nearly all fermented fructose, 
glucose, mannose, galactose, sucrose, lactose, maltose, salicin, amygdalin, and 
a-methyl glucoside. Only in raffinose and inulin broths were variable results 
obtained (figure lb) in that the majority of cultures failed to form acid but a 
few produced a marked acidity. These few exceptions could not be correlated 
with any of the other characters studied. Further, none of the cultures produced 
this higher acidity in both inulin and raffinose. Of the 13 cultures that pro- 
duced high acidity in inulin, there were 3 cultures from dental caries, 1 from an 
anemia patient, 1 from an abnormal mouth, 3 from acidophilus milk, 1 from 
cheese, and 5 from milk. 

Cultures of Lactobacillus casei showed an almost identical fermentation pat- 
tern except that no inulin fermenters were found (figure 2a and 2b). 

The maioritv of the cultures grew at temperatures ranging from 18 to 45 C, 
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the optimum vai-ying from about 32 to 37 C. A few cultures failed to grow 
at 18 or 22 C, and several cultm-es grew exceptionally well at 45 C. Ifitt 
one exception, the latter group was of human origin, but the group does not con- 
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Fia. lb 

Fig. la and b. Feequbnct op Acid Peoduction from Various Carbon Compounds sf 
Certain Cultures Obtained as Strains op Lactobacillus acidophilus 

AS Per cent op Strains Producing 0 to 9 ml of n/10 Acid in 10 ml of Medium 
Ten sjjaces used for each sugar signify, in the first block, percentage of strain 
no acid; in the second, percentage of strains producing 0.1 to 1 ml; in the third, 1-1 * ’ ' 
etc. 


tain all of such cultures. However, many of the related species of the 
paxticularly those of more thermophilic nature, show a growth range differ 
from that of the Lactobacilltis casei and Lactohadllus acidophilus strains- 
All cultures studied produced a small quantity of volatile acid (ta 
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and a considerably greater quantity of lactic acid. With most strains of Lacto- 
bacillus acidophilus and Lactobacillus casei, the major part of this acid was 
dextrorotatory (table 1), but a few cultures produced some levorotatory acid. 




Fia. 2b 

Fig. 2a and b. Fbequency op Acid Pboduction from Various Carbon Coupotjnds bt 
Certain Strains of Lactobacillus casei Expressed as Percentage of Strains 
Producing 0 to 9 ml of n/10 Acid in 10 ml of Medium 
Ten spaces used for each sugar signify, in the first block, percentage of strains producing 
no acid; in the second, percentage of strains producing 0.1 to 1 nil; in the third, 1.1 to ...0, 
etc. 

It was noticeable that very few of the cultures produced pure dextrorotatory 
acid and only a few cultures produced approximately equal quantities of the 
two forms. Culture no. 35 from acidophilus milk produced dextrorotatory 
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TABLE 1 


Type of acid produced as an end product of fermentation by strains of the genus Lactolacilks 


cuvnjsz 

NUMBER 

VOI^TILE ACID 

i 

NONVOEATILE 

ACID 

zmci 

Water of ct 

First fraction 

pACIAXE 

ystallizatioQ 

Second fraction 

spzcmc loiAtioi 


grams 

grams 

per cent 

Per cent 


7469 

.077 

3.29 

12.96 

13.02 

-8.1 

L20 

.119 

2.47 

13.49 

13.78 

-7.1 

L20 

.187 

2.28 

14.32 


-5.2 

L21 

.081 

2.12 

13.88 

13.14 

-5.8 

L23 

.052 

3.83 

13.20 

12.98 

-6.4 

L39 

.155 

5.66 

13.64 



LO 

.096 

4.14 

13.13 


-6.4 

L37 

.089 

2.27 

12.96 

12.94 

-6.2 

L37 

.060 

2.66 

13.53 

13.21 

-7.5 

LSI 

.056 

3.71 

13.45 

13.87 

-7.5 

L14 

.092 

2.55 

13.56 

13.14 

-7.1 

L30 

.114 

2.31 

13.05 

13.86 

-6.9 

L30 

.196 

2.25 

12.96 

13.02 


58 

.067 

1.99 

13.31 



65 

.090 

2.37 

13.36 

13.54 

-7.4 

79 

.146 

2.41 

13.32 


-7.1 

82 

.130 

2.47 

12.99 


-7.4 

90 

.094 

2.73 

13.22 



92 

.112 

2.36 

17.17 


-2.3 

95 

.175 

5.21 

12.81 



99 

.130 

2.57 

13.30 


-7.8 

22 

.042 

0.79 

17.88 

17.75 


45 

.093 

2.47 

13.88 

13.68 

-6.8 

31 

.167 

2.34 

13.42 

13.61 

-7.4 

39 

.087 

2.30 

13.47 

13.68 

-7.5 

40 

.093 

2.51 

13.32 

14.28 

-7.5 

33 

.075 

2.49 

12.95 


-7.9 

44 

.081 

2.38 

13.66 

13.57 

-7.1 

35 

.114 

2.36 

13.13 


-7.8 

35 

.160 

2.76 

14.82 



35 



17.22 


-6.8 

62 

.098 

2.49 

13.17 


42 

.106 

2.39 

13.18 

13.26 

-7.9 

L38 

.153 

4.61 

13.14 



Sc 

.170 

2.15 

13.13 



Sc 

.120 

5.76 

16.34 



RH24C 



14.83 



RH5B 



18.08 



EH22G 



18.04 



S42A 

.337 

5.60 

13.14 



S137 

.166 

1.63 

17.99 



SIO 

.151 

5.71 

13.20 



S12 

.239 

5.48 

12.91 



L56 

.236 

4.98 

13.13 



S34 

.350 

5.62 

12.11 


___ 
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TABLE 1 — Concluded 



1 

1 

ZINC XACTATE 

SPECIFIC BOTATION 

CTJLTUXe 

NUUSES 

VOI^TILB ACID 

NONVOLATIIE 

ACID 

Water of crystallization 



1 

1 

First fraction 1 

Second fraction 



grams 

grams 

ptr cent 

per cent 


L75 

.173 

5.50 

18.07 



L5 

.111 

4.44 

18.04 



MNH 

.270 

5.91 

13.02 



S23 

.050 

1.60 i 

13.58 



Wick 

.220 

6.48 

12.99 



S5 

.240 

6.41 

18.12 



L13 

.157 

2.45 

17.89 



L31 

.087 

2.07 

15.50 j 


+2.7 

L43 

.072 

4.17 

18.09 



L33 

.090 

2.31 

13.25 


+7.2 

Jugurt 13 

.082 

2.07 

18.14 



7993 

.325 

5.24 

13.08 


1 

7995 

.215 

4.68 

13.01 


1 

8001 

.203 

3.29 

14.95 



LSO 

.075 

4.28 

18.13 




icid in the first determination. However, rough strain selections showed greater 
production of levorotatory acid, the water of crystallization of the zinc salts 
Jhangmg from 13.13 to 14.82, and then to 17.22 per cent in three subsequent 
nrmentations. The theoretical amount for pure active acid is 12.97, and that 
hr inactive or a mixture of dextrorotatory and levorotatory acid is 18.17 per 
lent. Likewise, when culture Sc was first studied, the lactic acid produced 
jontained approximately ^ levo- and § dextrorotatory acid, but later almost 
pure dextrorotatory acid was formed. 

GROUPING OP STRAINS AND CORRELATION OF CHARACTERS 

A large majority of the cultures studied produced a fairly high amount of 
icid in litmus milk accompanied by curdling and a definite reduction of litmus. 
They stained faintly with methylene blue and very often cells resembled ghost 
cells with small granules which have somewhat the appearance of cocci. Often 
there was a clear zone around the cell. They grew poorly in milk at 18 C, 
rapidly at 37 to 40 C, but with less acid production than at 32 to 37 C. Among 
this group the only marked differences in ability to ferment carbon compoimds 
(vas noted in the ability of some strains to ferment inuhn and a few to ferment 
raffinose. Variation in the amount of acid produced from sucrose was observed. 

A smaller but closely related group was sumlar in its fermentations but always 
produced less acid from sugar and a softer curd in milk. 

An attempt was made to separate cultures into groups on the basis of dif- 
ference in characters, particularly fermentation characters. However, when 
such a separation was made, no correlation could be noted. For example, the 
13 inulin-fermenting strains had no other character in common to distinguish 
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them from the group as a whole. The same was^true of other fermentations as 
well as temperatures of growth, reduction of htmus, or other characters. 

Nearly all of the strains studied had either been shown by previous workers 
or in the present study to produce dextrorotatory lactic acid in excess over 
levorotatory lactic acid. Those strains, with few exceptions, which had previous- 
ly been foimd to produce inactive lactic acid by Curran, Rogers, and Whittier, 
and also to produce rough colonies, were found in this study to produce dextro- 
rotatory lactic acid and smooth colonies. Cultures 92, RH5E, EH22G, and 22 
continued to form inactive acid, but the first three produced a high acidity in 
sugars and formed smooth colonies. 

A smaller group of organisms (cultures S137 and S5) are unlike the group as 
a whole and are not similar to the rough strain of L. acidophilus (e.g., culture 
no. 22) and may possibly be related to the types described by Thjdtta, Hartmann, 
and Boe (1939), Robin (1847), and Kligler (1915). A few cultures (L75, La, 
and L13) are more like Lactobacillus plantarum than they are like L. mei or 
L. acidophilus. 

Typical cultures of Lactobacillus bulgaricus (cultures 7995 and 8001), Lnoto- 
bacillus lactis (cultme L33), Lactobacillus helveticus (culture L31, L43, ISO, 
and 7999), and Lactobacillus bulgaricus var. jugurti (cultures J13 and 7993) 
were readily distinguished, although it may be noted that cultures originally 
designated as strains of one or the other of these species are included in the larger 
grouping above. 


DISCUSSION 

The results indicate that some of the cifitiu-es studied have changed their 
characters during a period of years. These changes imply that the species 
Lactobacillus acidophilus (Moro) Holland is closely related to Lactobacillus 
casei (Orla-Jensen) Holland, the differences centering around their type 
of growth. When some of these cultures were studied by Curran, Rogers, and 
Whittier, they were foimd to form rough or filamentous colonies ivith only a 
few smooth colonies. They further formed inactive lactic acid with volatile 
acid, usually did not grow at 20 C, curdled milk slowly, rarely fermented 
mannitol, and usually fermented raffinose. Similar characters were found by 
others who studied the acidophilus type organisms included in the study. How- 
ever, during the interveifing time, in which it was observed that cultures grew 
better in milk, the characters apparently have changed. In the present studies 
the characters found were similar to those of the typical cultures of Lactobacil w 
casei in that they now form smooth colonies on agar, curdle milk with a firm 
curd producing comparable amounts of acid, ferment the same sugars, and pro* 
duce dextrorotatory lactic acid. ■ . 

It is possible that Orla-Jensen’s observations in regard to the change 
character of his species Streptobacterium casei {Lactobacillus casei) may 
been of the same nature. Orla-Jensen noted a change in type of acid forme 
well as changes in the fermentation of sugars. He did not report the co 
tjipe. There is little doubt that the changes from rough to 
and from inactive lactic acid to dextrorotatory acid, as observed by ope 
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and Kopeloff (1937), were the same as herein reported. Kopeloff (1934) was 
unable to cause the smooth forms to revert to the rough form. In spite of re- 
peated attempts, the best that could be done in the present studies was to obtain 
filamentous edges on a few colonies and a reversion to inactive lactic acid in 
one instance. 

SUMMAHY 

A comparative study of a number of cultures of lactobacilli from milk prod- 
ucts, dental caries, the intestine, and similar sources has shown that these 
strains have many characters in common. The cultures isolated from milk and 
milk products usually considered as strains of Lactobacillus casei (Orla-Jensen) 
Holland form smooth colonies and dextrorotatory lactic acid. A number 
of cultures isolated as rough or filamentous colonies from various parts of the 
body, and usually considered as strains of Lactobacillus acidophilus (Moro) 
Holland, have changed their characters over a period of years and are now 
identical with cultures of Lactobacillus casei. It is concluded that Lactobacillus 
acidophilus and Lactobacillus casei are rough and smooth strains of a single type. 
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THE GROWTH OF CLOSTRIDIUM SEPTICUM AND ITS 
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Chemical relatives of essential metabolites have been found to be agents for 
the inhibition of the growth of bacteria, and some of these have been used in 
the therapy of bacterial infections (Welch, 1945; Roblin, 1946; Woolley, 1946a). 
In the course of studies on the chemotherapy of gas gangrene we have investi- 
gated the nutritional requirements of Clostridium septicum with the intention 
of testing the effect of chemical relatives of growth factors upon its growth. 
Bemheimer (1944) has shown that a strain of this organism requires, among other 
things, pantothenic acid for growth. We (Ryan et al., 1945) have shown that 
this requirement is due to an inability to synthesize the pantoyl moiety of the 
pantothenate molecule. The other portion of the molecule, j3-alanine, is nor- 
mally synthesized and coupled with the added pantoyl moiety to form panto- 
thenate. The present paper reports studies on the effect of chemical relatives 
of these precursors and of pantothenate upon the in vitro growth of two strains 
of C. septicum, one of which is able to synthesize all parts of the pantothenate 
molecule. 


EXPERIMENTAL 

The chemically defined basal medium which was finally selected for the growth 
of C. septicum is a modification of that proposed by Bemheimer, and directions 
for its composition are as follows: 

To 500 ml of distilled water add: 

10 g glucose 

20 g casamino acids 

2.65 g monopotassium phosphate 

7.14 g disodium phosphate 

75 mg calcium chloride 

Treat the solution for 30 minutes at room temperature with 5 g of norite A 
and filter through hyflo. 

Add: 

20 mg Z(— )tr 3 q)tophane, dissolved in a small amount of water with heat 
150 mg Z( — )cystine, dissolved in a small amount of water with hydrochloric 
acid and heat 
20 mg glutamine 
800 mg potassium bicarbonate 
1 /ig biotin, crystalline-free acid 
1 mg thiamine hydrochloride 

This work was supported by a grant from the Josiah Maoy, Jr., Foundation. 
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1 mg nicotinic acid 

1 mg pyridoxine (pyridoxal or pyridoxamine can be substituted in a 

equal quantity without affecting the growth of C. septicum) 

5 ml ferric sulfate solution made by dissolving 357 mg in a liter of du 
tilled water with hydrochloric acid 

2 ml salt solution, made by dissolving 50 mg Cu HjO, 50 mg Zi 

S04-7 HoO, 20 mg Mn CIr4 HaO, 22.5 mg Mg SOi-7 HA ani 
1 ml of concentrated hydrochloric acid in 100 ml of distilled wate 

Bring to one liter and adjust the pH to between 7.0 and 7.5 with sodium hy 
droxide. 

This medium may be stored under toluene in a refrigerator for at least 5 days 
We have routinely prepared fresh medium every 2 or 3 days. Before use tii 
proper amount of neutralized cysteine hydrochloride to make a 0.2 per cent solu 
tion was added. The cysteine was neutralized to phenol red in a small amouni 
of water noth 1 molar sodium hydroxide. The solution was added immediatelj 
to the culture medium, which was then sterilized by autoclaving for 10 minute; 
at 15 pounds’ pressure. Under optimal conditions at 37 C, growth on this basal 
medium was complete in about 18 horn's. ' In order to obtain the size of the final 
crop of bacteria, culture tubes were routinely measured after about 40 hours. 

The yield of bacteria was determined routinely by the use of a densitometer. 
When necessary, cultures were diluted with 0.9 per cent sodium chloride to brmg 
the density nithin the range of the instrument. A micro-Kjeldahl determinates 
of bacterial rdtrogen was made on washed cultures of strain 69 Li of C. seplicuui 
which had grown in complete medium for 20 hours. The densitometer vra; 
then calibrated in terms of mg of nitrogen found in such cultures, and reading 
have been e.xpressed as mg N per 100 ml of culture. The average deviation of 
this method was about 5 per cent. 

The number of viable organisms per ml in 40'bom' cultures of strain 59 


determined by colony counts on blood agar plates, was 2 X 10’ organisms, equiva- 
lent to 0.15 mg of bacterial N. Direct hemocytometer counts confirm t 
equivalence. However, during the early part of the logarithmic phase of grou i 
direct microscopic observation showed that about one-quarter of the organis^ 
were iu the form of the long unsegmented cells frequently found among bacteru 
whose growth is incompletely inhibited. The presence of these long cells re- 
quired a very thorough shaking of the first dilution flask in the plating proceto* 
in order that fragmentation would not cause the appearance of greater num 


of colonies as the dilutions progressed. , 

Consistent colony counts were obtained on both blood agar and comp ' 
medium plates when these were inverted over alkahne pyrogallol in Bray ' ^ 
However, in plates made up with our basal medium and washed agar, res®^ 
under similar conditions were very inconsistent. The same was true wM 
plates were incubated in desiccators which had been evacuated and refill 
gases such as nitrogen and hydrogen, with or without added carbon 
(Rockwell, 1921). Irregular results were also obtained when the plates, 
cooling, were filled to the brim with fresh agar medium containing 0.-- pcf 
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cysteine but no cells. Apparently on the chemically defined medium the gaseous 
requirements of strain 59 Li are rather precise. 

Success in making colony counts on the basal medium was attained by the use 
of the semisolid agar procedure developed by Redoiritz (1941) for cultures of 
Laclohacillus acidophilus. This involved the dilution of a culture of C. seplicum 
with basal medium containing cysteine. One ml of the appropriate dilution 
was added to 9 ml of basal medium containing cysteine and 0.15 per cent washed 
agar. This had been melted and kept at 44 C in a test tube. This mixture was 
taken up and ejected from a 1-ml blow-out pipette 10 times, and then 1 ml was 
transferred with the same pipette to the next tube of semisolid agar. From the 
last tube 1 ml of medium w^as discarded after mixing, and in this way tenfold 
dilutions were obtained. The tubes were incubated at 37 C for about 24 hours, 
when they showed cottony but discrete colonies. About 30 colonies is the maxi- 
mum number that can be conveniently counted in 9 ml of semisolid medium 
about 3 inches deep. Determinations by this method of the number of bacteria 
in nine samples from a single culture of C. seplicum gave an average value of 
3.7 ± 0.4 (dii) X 10" per ml. 

Stock cultures of the bacteria were grown on an egg-meat medium at 37 C 
and then stored (presumably as spores) at room temperature. Inocula were 
prepared by transferring a loopful of the egg-meat medium to test tubes con- 
taining about 15 ml of the complete medium. This medium consisted of 0.25 
per cent sodium chloride, 0.1 per cent sodium bicarbonate, 0.34 per cent disodium 
phosphate, 0.082 per cent monopotassium phosphate, 0.5 per cent glucose, 2 per 
cent Difco tryptose, 0.3 per cent Difco yeast extract, and 0.1 per cent neutralized 
cysteine hydrochloride; the pH was 7.4. Growth in this medium was allowed 
to take place between 10 and 18 hours, at which time the experimental tubes 
were inoculated with a loopful of bacterial suspension. The data in the tables 
and figures of this paper are averages of at least duplicate determinations. 

Two strains of C. seplicum, 59 Li and 44, were obtained from Dr. Alan Bem- 
heimer, to whom we are indebted. Early in our studies of strain 59 Li it was 
found that imder standard conditions the length of the lag period varied consider- 
ably on our basal medium. Indeed, frequently among a series of mated tubes 
no growth appeared in some. It was found that this behavior could be com- 
pletely eliminated by incorporating the py rimidin e, uracil, in the medium. 
When this was done, growth was regularly complete in 18 hours, and growth 
failures were not encountered. A culture of 59 Li which had grown up in the 
absence of uracil was plated out, and strain 59 Li A was isolated. This new 
strain showed consistent growth that was independent of uracil. The genetics 
of this situation is the subject of a separate commumcation (Ilj’'an et al.,^ 1946). 
Strain 59 Li A was used instead of its parent in most of the following experiments. 

resixlts 

nutritional Requirements. We have confirmed the obsenmtion of Bernheimer 
1944) that the vitamins, pyridoxine, nicotinic acid, thiamine, and biotin, are 
oquired for the growth of strain 59 Li of C. seplicum. In addition, strains 59 
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Li and 59 Li A, but not strain 44, require d-pantothenic acid (3 per ml). The 
latter requirement can be satisfied by the addition of sodiiun di-pantoate or 
pantoyl lactone to the medium (Ryan ei al., 1945). Our basal medium, however, 
differs from that of Bernheimer in several respects. The carbon treatment and 
filtration remove not only a slight precipitate but also such contaminants of the 
casamino acids as pantothenate, pantoate, or pantoyl lactone. Strain 59 Li, 
•which requires pantothenic acid or the pantoyl moiety, showed no growth what- 
soever on our basal medium until one of these compormds was added. Bem- 
heimer, on the other hand, showed that in the absence of pantothenic acid strain 
59 Li grew on his medium to about 35 per cent of its maximmn yield. In the 
following experiments ■with 59 Li A, which has the same pantothenate require- 
ments as its parent strain, 59 Li, calcium d-pantothenate was present in the 
meditun in a concentration of about 3 ng per ml. Unless otherwise specified 
strain 44 was grown in medium without added pantothenate. 

In our hands cysteine hydrochloride proved a better reducing agent for bac- 
terial growth than thiogly colic acid. A concentration between 0.1 and 0.2 per 
cent was optimum. 

Autoclaving the basal medium was found to be much simpler than making 
the series of sterile additions proposed by Bernheimer. Such treatment resulted 
in a growth of strain 59 Li A (14.4 mg N per 100 ml) equal to that obtained on 
Bemheimer’s medium (■with 0.2 per cent cysteine, 13.4 mg N per 100 ml). 
Nevertheless when our basal medium to which cysteine had been added ■was not 
autoclaved but was steriHzed by filtration through a sintered glass bacterial 


filter crucible, growth was increased to 19.8 mg N. 

This difference is not associated ■with the toluene used for preservation of 
the basal medium which is boiled off during autoclaving. The stimulation ap- 
peared after sterile filtration of fresh medium, to which toluene had never been 
added, as well as after filtration of medium which had been preserved under 
toluene for 2 days. The increased crop of bacteria on the sterile filteredmediuo 
was also not due to the removal of some toxic factor during filtration, becaua 
we failed to find such stimulation when autocla^ving followed or preceded ste^ 2 
filtration. On the other hand, the time of autoclaving bears a definite relate 
to the yield of bacteria. In an experiment in which sterile-filtered mediuin af|tr 
48 hours supported growth equivalent to 17.1 mg N per 100 ml, autoclaving c- 
20, 10, and 5 minutes resulted in final gro^wths of 15.0, 16.2, and 17.7 mgh Pf 
100 ml, respectively. This, and the fact that a slight insoluble precipitate - 
formed upon autocla^ving, suggests that the effect of autoclaving might be 
to the loss of some factor in the medium. Glutamine, for example, 
e.xpected to be almost completely destroyed upon autoclaving. However, 
glutamine was sterile-filtered separately and added to autoclaved meditei 
increase in gro-wth after 48 hours was noted (15.9 and 16.5 mg N per 
Moreover, the hypothesis of loss by autoclaving does not seem tenable w ' 
of the fact that the final crop of bacteria did not increase in media where 
centration of ■vitamins, casamino acids, sugar, or salts was doubled or 
The concentration of these substances in the whole mediiun 'was optim 


the growth of strain 59 Li A of C. septicum. 
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It appears, rather, that the effect of autoclaving may be due to the production 
of some toxic substance(s) from material in the medium. It is known that 
glucose, when autoclaved under alkaline conditions, will form many different 
compounds (Evans, 1929). Table 1 lists the yields of strain 59 Li A obtained 
when glucose was sterihzed separately and then added to the medium. The 
medium was made up as previously mentioned except that the glucose and phos- 
phate were omitted at first. In the case of the autoclaved and sterile-filtered 
controls the glucose and phosphate which were not carbon-treated were added 
to the medium just before it was sterilized. The experiments consisted of the 
sterile additions of the specified substances to the remainder of the medium, 
which was autoclaved with or without phosphate. Autoclaving was at 15 pounds 
for 10 minutes, and sterile filtration was through a sintered glass bacterial filter. 
The controls yielded somewhat less growth than when our medium was prepared 
as usual, but sterile filtration was definitely better than autoclaving. Likewise, 
whenever glucose was sterile-filtered, growth was increased slightly. However, 
when the glucose was autoclaved separately and then added to the medium, 

TABLE 1 


Growth of strain B9 Li A after 48 hours in media to which glucose was added after being 

separately sterilized 


TR£AmENT OF GLUCOSE 

no N PER 100 m. 

Autoclaved in medium 

10.8 

Sterile-filterftd with medium . 

16.1 

Autoclaved separately 

15.3 


11.4 


15.3 

Sterile-filtered with phosphate 

12.8 


there was a considerable increase in growth. Apparently autoclaving glucose 
separately or with phosphate produced some stimulating factor, which was not 
P 3 T:uvic acid (Smiley, Niven, and Sherman, 1943), but when glucose was auto- 
claved with the rest of the medium, inhibiting factors were produced as well. 
Our analysis of this interaction is admittedly incomplete, and certainly more 
substances than glucose are involved. Nevertheless, we interpret the effect of 
sterile filtration as due to the absence of formation of inhibitory materials, 
whereas the limit of growth on autoclaved medium is balanced by both inhibitory 
and stimulatory factors, which are formed during autoclaving. Strain 44, on 
the other hand, does not show a difference in the amount of growth in sterile- 
filtered as compared with autoclaved medium. 

During the growth of strain 59 Li A the pH of the basal medium fell from neu- 
trality to 5.1. Cessation of growth was not due to the acidity of the medium 
alone, for partially grown cultures when washed and transferred to fresh medium 
of pH 5.1, continued their growth. Moreover, increasing the buffer capacity of 
the medium by doubling the salt concentration did not increase the yield of 
bacteria. However, the optimum pH is between 7 .0 and 7.5 when growth equiv- 
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alent to 16.6 and 17.1 mg N per 100 ml was obtained after 48 hours. At pH’s of 
6.5 and 8.0 somewhat less growth, or 14.4 and 14.1 mg N per 100 ml, resulted, 
The factor (s) limiting final growth can be modified by the addition of natural 
products such as Difco tryptose or Fleischman’s yeast extract, as table 2 slior\'s. 
Yeast extract seems more active for strain 59 Li than tryptose, but strain 44 may 
be more sensitive to the inhibitors it contains. Although the 2-day ydelds shoM 
in table 2 were influenced by tryptose, the rate of growth was not (figure 1). 

TABLE 2 


Yield of bacteria in mg N per 100 ml of medium plus tryptose or yeast extract after 4Shours 


SXSAIN CONCENTRATION^ 
UG PER UL 

59 LI A 

44 

Tryptose 

1 Yeast extract 

Tryptose 

Yeast extract 

0 

14.8 


8.6 

8.5 

1 

14.7 


9.0 

10.1 

3 

— 


— 

— 

10 

18.2 

17.7 

16.7 


20 

21.9 

18.4 

19.3 

13.8 

40 

13.9 

— 

17.2 

— 

100 

15. e 

3.0 

15.3 

5.7 



Fig. 1. The Rate op Growth of Strain 59 Li A in the Presence (Open Ciboms) 
Absence (Solid Circles) op 20 jig Tryptose per ml 

The time has been designated from an arbitrary zero point since the lag period in trypl'>=' 
is much shorter than in its absence. 

In 14 determinations of the generation time of strain 59 Li A during the 
mic phase of growth on medium supplemented with 20 mg tryptose per ’ 
an average of 70 minutes was obtained, whereas 62 minutes was the aver^® 
generation time of the controls. Tryptose does, however, influence the leDo^, 
of the lag period. The time required to reach a growth equivalent to 2 ®o • 
per 100 ml averaged about 1,100 minutes in three experiments on our 
medium, but the presence of 20 mg of tryptose per ml shortened this time 
about 500 minutes. 
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A wde variety of growth factors were tested in an attempt to dupUcate the 
stimulation caused by tryptose. Among these were tested, individually and in 
combination, 19 amino acids, asparagine, guanine, adenine, xanthine, uracil, 
yeast nucleic acid, choline, glutathione, pyruvic acid, oleic acid, folic acid con- 
centrate, vitamin Bo and Bo conjugate, pimelic acid, p-aminobenzoic acid, inosi- 
tol, ribofla\dn, pyridoxal, pyridoxamine, welchii factors (Ballentiue et al., 1944), 
and iron.- None of these substances increased the yield of bacteria on our 
medium. 

It is possible that some polypeptide growth factor, like strepogenin (Sprince 
md Woolley, 1945; Womack and Rose, 1946) is present in tryptose and respon- 
sible for its effect on C. seplicum. The addition of 1 mg of Difco casamino acids 
per ml did not reproduce the tryptose stimulation. It is also possible that tryp- 
tose may bind some trace element present in toxic quantities (Hutner, 1946), 
although this seems improbable in view of the absence of effect when the salt 
composition of the medium was doubled or halved. Tryptose contains 
material(s) active in supporting the growth of uracil-requiring strains of Neuro- 
spora crassa, Escherichia colt, and Shigella paradysenteriae. This material 
cannot, however, be responsible for the effect of tryptose on the uracil-inde- 
pendent strain of C. seplicum, 59 Li A. The effect of tryptose may be due to 
its content of several factors influencing the lag period and the final growth in- 
dependently. The growth of strain 44 on basal medium is irreg ular in the sense 
that an appreciable fraction of a series of similar cultures fail to grow. Bem- 
hekner (personal communication) suggests that carbon dioxide or bicarbonate 
IS important for the initiation of growth of strain 44. In our autoclaved medium 
the bicarbonate would be lost. However, the incorporation of 20 mg of tiyptose 
per ml, but not of purines or pyrimidines, results in the growth of all cultures. 
It may be that there is some substance in tryptose required for the growth of 
strain 44, and that growth in its absence is due to mutation to independence of 
this factor just as in the case of the uracil requirement of strain 59 Li (Ryan 
el al., 1946). Moreover the absence of glutamine from the basal medium results 
m a similarly erratic growth of strain 59 Li. Glutamine itself is destroyed under 
the conditions of pH and temperature used in sterilization, whereas glutamic 
acid is a component of the basal medium. The effect of glutamine may be due 
to the existence of organisms independent of some contaminating heat-stable 
factor (Ballentine et al., 1947). Neither the genetic nor the chemical nature of 
these effects has been investigated. 

One of the vitamin analogues, sodium jS-pyridine sulfonate, which was studied 
as a possible inhibitor of growth (Mcllwain, 1940) actually increased the bacterial 
crop. The average 48-hour yield of five experiments with 59 Li A in which 10 
nig of this compound per ml were present was 17.1 mg per 100 ml, compared to 
the control yield of 12.8 mg N per ml. The presence of 1 mg per ml resulted in 
a similar increase. Raoul (1945) found that high concentrations of S-pjnidine 


* The authors wish to thank the following for supplying them with certain growth factors: 
Pr. R. J. Williams for the folic acid concentrate, Dr. J. Pfiffner for the vitamin Bo con- 
jugate, and Dr. E. E. Snell for the pyridoxal and pyridoxanune. 
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of pantothenic acid. Taurine and di-/3-arQmobutyric acid were selected as 
analogues of j3-alanine, and sodium 7 -hydroxy buterate and dZ-pantoic amide as 
relatives of pantoyl lactone. Table 4 shows the effect of these compounds on 
the growth of strain 44 of C. septicum, which is independent of an external supply 
of pantothenic acid. The only compoimd with an appreciable effect in the rela- 
tively high concentration of 10 mg per ml was sodium y-hydroxy buterate. The 
growth of the pantothenate-requiring strain, 59 Li A, on the other hand, is 



Fig. 2. The Relation of the Amount op Growth op Strain 59 Li A After 58 Hodbsm 
THE Concentration op Taurine in a Medium to Which 20 mg Trtptosb per la 
Hl,vs Been Added 


TABLE 6 


Growth of strain 59 Li A in mg N per 100 ml after 58 hours in basal medium plus 20 tng 
per ml and in the presence of different concentrations of taurine and 

pantothenate or its precursors 


TATJiETE 

UG F£K 1£L 

1 

CALCItni if-PANTOTHENATB pg PER HE 

SODinU d^FANTOATE 
tig PER UL 

B 


3 

100 

1,000 

100 



0 

12.6 

11.0 

9.1 

10.6 


50 

3.3 

2.8 

4.8 

3.3 




inhibited by taurine but not by the other pantothenate analogues 
Indeed, some of the other pantothenate analogues actually supported the gro ^ 
of 59 Li A in the absence of pantoate and pantothenate, as shown in the - 
column of table 5. These compoimds, sodiiun y-hydroxy buterate, dl-p ^ 
amide, and sodium dZ-pantoyltaurine, also stimulated growth in the 
suboptimal amounts of pantoate and pantothenate. The percentage 
this stimulation approximated maximum growth is indicated in the t 
fifth columns of table 5. 
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Complete inhibition of the growth of strain 59 Li A is not achieved with con- 
centrations of taurine even approximating 1 molar in strength (figure 2). Table 



MG SODIUM S- HYDROXY BUTERATE 
PER ML 

Fig. 3. The Inhibition of the Growth op Stiuin 44 by Different Concentiu.tions op 
Sodium 7-Htdroxy Boterate After 5S Hours in a Medium Containing 20 mg 
Tryptose per ml and Either 1 mg C.alcium ^-Pantothenate per ml (Solid Circles), 
1 mg Sodium di-PANTo.ATE per ml (Open Squares), 1 mg /3-Alaninb per ml (Solid 
Squares), or No Added Supplement (Open Circles) 



Fig. 4. The Inhibition op the Growth op Strain 59 Li A by Different Concentrations 
OP Sodium Salicylate After 4S Hours in a Medium Devoid of Tryptose but 
Containing Either 3.2 uz Calcium (I-Pantothenate per ml (Open Circl^), luopg 
C.4.LCIUM d-PANTOTHENATE PER ML (CLOSED CiRCLES), OR 100 fig SODIUM dt-P.INTO.ATB 

per ml (Open Squares) 

6 shows that there may be a small reversal of taurine inhibition by increasing 
the pantothenate concentration or by the addition of ^-alanine. If real, this 
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effect is slight and is not brought about by the addition of pantoate. The fact 
that strain 59 Li A grows at all in the absence of added pantoate or pantothenate 
but in the presence of /3-alanine is due to the activity of tryptose in the medium, 
which in independent assays seemed to contain the equivalent of about 0.2S 
gg of pantothenate per mg. 

The growth of strain 44 can be completely inhibited by a concentration of 
approximately 1 molar sodium -y-hydroxy buterate (figure 3). Moreover, the 
inhibition can be at least partially reversed by the presence of high concentrationa 
of pantothenate. Sodium (i^pantoate and /3-alanine, in the concentrations tried, 
had no effect in reversing the inhibition. Apparently an antagonist of sodium 
7 -hydroxy buterate inhibition is to be found in tryptose, as a comparison of the 


TABLE 7 


Growth of strains 59 In A and 44 in mg N per 100 ml after 58 hours in the basal medium 
20 mg tryptose per ml and in the presence of different concentrations of 
salicylate and pantothenate or its precursors 


SODIUM SALICYLATE ^ 
MG PEE ML 1 

j CALCIUM d-PAKTOTHENATE Mg PEE ML 1 

SODIUM dJ-PANTOATE 

Mg PEE ML 

jS-AUKDil 

mYL 

3 

100 

1.000 

100 

1,000 



Strain 69 Li A 


0 


n 



11.1 

0.5 





3.2 

1.0 


0.7 



0.7 

2.0 

0.1 

0 

! 0 

1 0 

1 

0 


Strain 44 


0 

9.3 

9.7 

8.9 

9.0 

7.5 

- 

0.5 

2.3 

2.5 

3.4 

2.7 

0.6 

— 

1.0 

0.1 

2.4 

1.8 

2.0 

1.4 

— 

2.0 

0.2 

0.2 

1.2 

0.2 

0.3 

_____ — - 


degree of inhibition by 10 mg of inhibitor per ml in a medium with (figurt 3) 
and without tryptose (table 4) will show. The same seems to be true of taurm. 
inhibition of strain 59 Li A (figure 2 and table 5). . . • 

Neither taurine nor sodium 7 -hydroxy buterate appeared to be 
worth further study because of the large size of the effective concentrationa,® 
because the relatively poor reversibility by pantothenate indicated consider 
nonspecificity. Ivanovics (1942a and 19426) has shown, for bacteria 
make their own pantothenic acid, that salicylate acts as a specific inhibitor •- 
interferes with the synthesis of the pantoyl moiety of the molecule. Our 
on C. septicum suggest that a similar relationship holds. _ ■ ■ Ahr 

Strain 59 Li A, which is unable to make its own pantothenate, is inhibit ^ 
sodium salicylate but in a way that is not influenced by the pantothenate, 
ate, or /3-alanine concentration of the medium (figure 4 and table 7). Inve--- 
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tion of the length of the lag period and the logarithmic rate of growth indicated 
that they did not behave differently in this respect than the final amount of 
growth. Preliminary studies of the inhibition by salicylate of the growth of 
strain 44 in a medium devoid of tr3rptose suggested that the inhibition could be 
reversed by pantoate or pantothenate. These studies were repeated in a medium 
containing 20 mg tryptose per ml and hence always a small amoimt (0.28 ng per 
ml) of pantothenate. The results are shown in table 7. There appears to be 
a slight decrease in the salicylate inhibition in the presence of high concentra- 
tions of pantoate or pantothenate, although the reversal is not very great. 
About 1,000 /ig of calcium pantothenate per ml is the Tnarimum concentration 
that can be used. After such a concentrated solution in our medium is auto- 
claved, a slight precipitate is formed whose turbidity is subtracted from that 
measured after the growth of the bacteria. 

DISCUSSION 

It is significant that of the possible pantothenic acid antagonists which we 
have used, three, sodium 7-hydroxy buterate, dl-pantoic amide, and sodium 
dl-pantoyltaurine, were able to substitute for pantothenic acid and supported 
the growth of pantothenate-requiring C. septicum. One of these compounds, 
sodium dZ-pantoyltaurine, has been used as a chemotherapeutic agent (Mcllwain 
and Hawking, 1943). It is very possible that our pantoyltaurine and pantoic 
amide were contaminated vrith some of the pantoyl lactone used in their prepara- 
tion. As little as between 0.5 and 1.0 ng pantoyl lactone per mg of analogue 
is all that would be needed for the effects we observed. It would be necessary, 
however, to assume an unreasonable degree of contamination with pantoyl 
lactone to explain the results of Stansly and Alverson (1946). These authors 
report an antagonism of the salicylate inhibition of the growth of Escherichia 
coli by pantoyltaurine. It is more probable that some hydrolysis of pantoyl- 
taurine occurs yielding di-pantoate and taurine (cf. Sarett and Cheldelin, 1945a). 
Such a hydrolysis of about 2 per cent of the pantoyltaurine would not release 
sufficient taurine to inhibit significantly the growth of strain 59 Li and would 
he consistent with the data we have obtained. 

On the other hand, the pantothenate activity of sodium 7-hydroxy buterate 
cannot be similarly explained, for this compound was not made from pantoyl 
lactone and cannot be directly transformed into it. Apparently 7-hydroxy 
buterate has about one hundred-thousandth of the catalytic activity of panto- 
thenate. 

There have been many attempts to inhibit specifically the utilization of panto- 
thenic acid in bacteria by the use of chemical analogues of that growth factor 
(Nielson, Hartehus, and Johansen, 1944; Nielson and Roholt, 1945; Drell and 
Dunn, 1946; Mead et al, 1946; cf. Roblin, 1946, for earlier references). The 
specific activities of these compounds not only depend upon their chemical 
constitution but are correlated with the pantothenic acid requirement of the 
organism being inhibited. With some exceptions pantothenate-independent 
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organisms are resistant to inhibition by pantothenate analogues. A posable 
explanation of this relationship is that suggested by Mcllwain (1942), which 
assumes that pantothenate produced within the cell is more effective in reversing 
inhibition than pantothenate supplied from the outside. He has been able to 
show (1945) that pantoyltaurine prevents the binding of pantothenate into 
functional form. On the other hand, Stansly and Alverson (1946) suggest that 
the pantoate formed from such compounds as pantoyltaurine (or the pantoyl 
lactone they contain) may be sufficient to enable an organism which can syn- 
thesize pantothenate from the pantoyl moiety to produce sufficient pantothenate 
to prevent inhibition. However, Mcllwain’s explanation is in better accord 
with the finding of Snell (1941a and 19416) that pantoyltaurine inhibited the 
growth of a yeast stimulated with pantothenic acid, but it was ineffective when 
the yeast grew on /3-alanine. Yet Sarett and Cheldelin (19456) did not observe 
this relationship in a strain of yeast which was inhibited by pantoyltaurine when 
grown either on /3-alanine or pantothenic acid. At the present time, in the ab- 
sence of much fundamental information such as the permeability of vitamins and 
analogues, it is difficult to apply a general interpretation to the distribution of 
pantoyltaurine resistance among bacteria. For example, Woolley and Collyer 
(1945) have shown that phenyl pantothenone inhibited all of the organisms 
tested, although the inhibition was reversed by pantothenic acid only in those 
organisms which required pantothenic acid as a growth factor. Again, both 
pantothenate-independent and pantothenate-dependent strains of C. septow 
are resistant to pantoyltaurine. Since interference with pantothenate metab 
olism is antagonized by a min o acids (Ivanovics, 1942; Woolley, 1946!)), it ^ 
possible that the resistance of the two strains of C. septicum was due to the high 


concentration of amino acids in our culture medimn. 

Investigations of the inhibition of growth of microorganisms by the use o 
chemical analogues of the pantothenate precursor, /3-alanine, have also ban 
numerous. Snell (1941a and 19416), for example, failed to secure the inhibiton 
by taurine of the growth of Saccharomyces cerevisiae stimulated with ^-alanm^i 
and Nielson (1943) and Nielson et al. (1944) confirmed this observation, althoUo 
Sarett and Cheldelin (19456) did find 1 of 17 strains of yeast vequuing panlO' 
thenic acid or /3-alanme for growth which was susceptible to taurine inhibib‘'‘' 
wffien grown on /3-alanine. In the presence of /3-alanine, but not of pantot cm 
acid, it was found that asparagine (cf. Weinstock et al., 1939, and Atkin 
1944) and many Z-amino acids and natural products would inhibit yeast 
These mhibitions were reversed by high concentrations of / 3 -alanine. T e 
relations were found by Nielson and Johansen (1943) and Nielson et al. ( 
in the inhibition of yeast growth by many a-amino acids, isoserine, ^'P ® j 
/3-alanine, and /3-ammobutyric acid, and by Hartelius (1943) in the inhibi lon^ 
yeast respiration by /3-aminobutyric acid. In Acetobacter suboxydans, ' 
requires pantothenic acid or the pantoyl moiety for growth, Sarett and 0 c 
(1945o) foimd that dZ-alanine inhibited growth in the presence of jV, 

acid. Tamine inhibited the growth of this form more in the presence o 
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pantoyl moiety than in the presence of intact pantothenate, and the inhibition 
was completely overcome by excess ^-alanine. These results suggest that the 
analogues inhibit by competing ^Yith j3-alanine and hence interfering with the 
S3mthesis of pantothenic acid. 

In C. seylicum /3-aminobutyric acid did not inhibit the growth of either the 
pantothenate-dependent or pantothenate-independent strains even when it was 
present in high concentrations. On the other hand, taurine did inhibit the 
growth of the pantothenate-dependent strain but only when present in very hi gh 
concentrations. On this account and because pantothenate and ^-alanine were 
so inefficient in their reversal of the inhibition, it is likely that most of the activity 
of taurine was nonspecific. Nevertheless, the failure of pantoate to antagonize 
taurine inhibition and the very slight antagonism shown by pantothenate and 
/3-alanine suggest that part of the activity of taurine may be due to its inter- 
ference in pantothenate synthesis through its competition with /3-alanine. In 
the case of the inhibition of the growth of the pantothenate-independent strain 
of C. seplicum by y-hydroxy buterate, high concentrations were also necessary. 
Nevertheless, pantothenic acid was able to reverse this inhibition partially. 
If 7 -hydroxy buterate interfered with the synthesis of pantothenate by competing 
with the pantoyl moiety, we would expect pantothenate to reverse the inhibition 
and /3-alanine to be relatively ineffective. This was realized. We would also 
expect pantoate to reverse the inhibition. In the concentrations used such a 
reversal did not occur. Probably only the d-pantoate could be suspected of 
activity. Moreover, on a molar basis calcium d-pantothenate is about 20 times 
times as active as sodium d-pantoate in supporting the growth of C. septicum, 
and even more so when activity is calculated in terms of undissociated molecules 
CRyan el al., 1945). A further increase in the pantoate concentration may have 
resulted in a reversal. However, once again, inhibition occurred only in the 
presence of high concentrations of y-hydroxy buterate and was not completely 
reversed by very large concentrations of pantothenate. Probably a large part 
of the inhibition is nonspecific in nature, though some of the inhibition is due to 
the specific interference with pantothenic synthesis. 

Roblin (1946) has suggested that when an inhibitor affects the synthesis of a 
metabolite, the “minimum effective concentration of the metaholite which 
prevents the action of the antagonist is effective against any concentration of 
the latter.” In the case of the inhibition of C. septicum by y-hydroxy buterate 
the continued effect of increasing concentrations of this compound in the presence 
of high concentrations of pantothenate is probably due to the fact that its action 
is primarily nonspecific. If, on the other hand, as Nielson el al. (1944) propose, 
the action of /3-alanine analogues is due to the fact that they become coupled with 
the pantoyl moiety to form inactive derivatives of pantothenic acid, then the 
suggestion of Roblin would not apply. 

Our results on the inhibition of the growth of C. septicum by salicylate are 
in general agreement with the conclusions reached by Ivanovics (1942a and 
19426) and Stansly and Schlosser (1945). The pantothenate-independent strain 
Was inhibited by salicylate, and this inhibition was partially prevented by panto- 



432 


P. J. EYAN, L. K. SCHNEIDER, AND R. BALLENTINB [vOL. 53 


ate and pantothenate but not by /3-alanine. Such a relationship would be ex- 
pected if sahcylate were interfering with pantothenate synthesis by competition 
with the pantoyl moiety. The pantothenate-dependent strain should then be 
inhibited by sahcylate only in high concentrations and then in a way that is not 
reversed by either pantothenate or its split products. The sahcylate inhibition 
of the pantothenate-dependent strain of C. sepiicum was not reversed by these 
substances. However, the concentration of sahcylate required for the complete 
inhibition of the pantothenate-independent strain is only about one-half of that 
required for the complete inhibition of the pantothenate-dependent straiu (about 
0.01 m). Ivanovics was able to show that amino acids could eliminate the specific 
antivitamin action of sahcylate. Perhaps in the case of the pantothenate- 
independent strain of C. sepiicum the presence of casamino acids (and of tryptose) 
in the medium antagonized much of the specihc inhibitory action of salicylate. 
The inhibition observed may be largely nonspecific and hence resemble the sali- 
cylate inhibition of the pantothenate-dependent strain. These data then do not 
disagree with the hypothesis that sahcylate can interfere with pantothenate 
synthesis by competing with the pantoyl moiety. 

None of the inhibitors described in this paper were successful as chemothera- 
peutic agents against experimental gas gangrene in mice (Ryan et al, 1946). 

SUMALART 

Two strains of Clostridium sepiicum were used in this study. One is unable 
to synthesize the pantoyl moiety of the pantothenate molecule and hence, for 
growth, requires either of these substances in the medium. The other strain 
can make, and is independent of an external supply of, these substances. 

An improvement of Bernheimer’s chemically defined medium is describe 
An examination is made of the role of several factors, such as sterile filtration 
and natural products hke tryptose, in increasing growth. 

Several chemical analogues of /3-alanine, of the pantoyl moiety, and of panto- 
thenate were chosen as possible antivitamins. Of these only two were actnCi 
sodium 7 -hydroxy buterate inhibiting the pantothenate-independent strain an 
taurine inhibiting the pantothenate-dependent strain. In addition, sodiuin 
sahcylate inhibits growth in a way that suggests that it interferes with the syn 
thesis of the pantoyl moiety of the pantothenate molecule. 

Three of the analogues, sodium dl-pantoyltaurine, sodium 7 -hydroxy 
and pantoic amide, have pantothenate activity for the pantothenate-depen 
strain. 
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severe vaginitis (Johnson, Trussell, and Jahn, 1945). Batteries of stock cultures 
were carried at 37 C in the revised medium described below and transferred every 
48 to 72 hours. The inoculum used to assay serum fractions was prepared from a 
48- to 72-hour culture which was centrifuged aseptically, washed twice, and resus- 
pended in sterile Ringer’s solution in a volume approximating three-fourtlis that 
of the original culture fluid. Then 0.03 to 0.05 ml (approximately 80,000 organ- 
isms) were introduced by pipette at the midlevel of the assay tube. Serial trans- 
fers of 0.03 to 0.05 ml of inoculum were made every 48 to 72 hours. Growth was 
measured by hemocytometer cell counts at the end of a 48- to 72-hour period. 

Basal medium. The serum-free basal medium used was a modification of the 
original CPLM culture fluid devised by Johnson and Trussell (1943). In the 
revised medium described below, the Difco peptone was replaced by “trypticase” 
(Baltimore Biological Laboratories) and the hver infusion by a mixture of B 
vitamins, purines, and pyrimidines. In addition, acetate, asparagine, ascorbic 
acid, bicarbonate, and ribose were added. 

Attempts to replace the Difco peptone by vitamin-free casein hydrolysate 
(General Biochemicals, Inc.) fortified with cystine, tryptophane, and glycine w’ere 
unsuccessful. Difco peptone, however, could be replaced by trypticase. The 
use of trypticase has the advantage of defining more clearly than Difco peptone 
the nature of the nitrogenous requirements of the organism, since trypticase is 
known to be a pancreatin digest of casein and contains no detectable carbohy- 
drate. 

No attempt has been made to limit the B vitamins, purines, pyrimidines, or 
the other pure chemical compounds added to a basis of essentiality. Rather, it 
was felt, the medium should be made as complete as possible with respect to 
known growth factors so as to rule these out in assays of serum fractions for the 
unknown substances necessary for the growth of Trichomonas vaginalis. 

The constituents of the medium were prepared as follows: 

(1) Stock B vitamin solution. The following B vitamins were suspended in 100 

ml of 20 per cent alcohol: 20 mg of thiamine hydrochloride, 80 mg of pyridoxiM 
hydrochloride, 20 mg of pyridoxamine hydrochloride, 20 mg of pyridoxal hy^^ 
chloride, 40 mg of calcium pantothenate, 100 mg of riboflavin, 40 mg of nicotinic 
acid, and 20 mg of p-aminobenzoic acid. The mixtme was stored in the cold an 
shaken well before using. . 

(2) TV stock solution I. The following ingredients were dissolved in 1,000 o 
of the modified Ringer’s solution used in the CPLM medium (NaCl, 0.6 per cen i 
NaHCOs, CaCh, KCl, 0.01 per cent) to give a double-strength stock solution: 
2.5 g of maltose, 12.0 g of sodium acetate, 0.5 g of asparagine, 20 mg 
ehloride, 20 mg of inositol, 10 mg of ribose, 2 ml of stock B vitamin solution,- 
pg 6f biotin, and 200 jug of folic acid. This stock solution was kept in the co 
under toluene. 

(3) TV slock solution II. The following purines and pyrimidines ^ 
solved in 700 ml modified Ringer’s solution: 50 mg of adenine 304,^50 
guanine HCl, 50 mg of xanthine, and 50 mg of uracil. One ml of 5 N La ' 
added, the suspension was shaken well, and 0.1 n NaOH was added drop 7 
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until a clear solution resulted. The final volume was adjusted with Ringer’s 
solution to 1,000 ml. This solution was likewise kept in the cold under toluene. 

(4) Sterile ascorbic acid sodium bicarbonate stock solution. Two and five-tenths 
g of sodium bicarbonate were suspended in 40 ml of HjO; 0.5 g of ascorbic acid 
dissolved in 10 ml of H 2 O were added slowly with gentle stirring. This gave 50 
ml of a 1 per cent ascorbic acid and 5 per cent sodium bicarbonate solution, which 
was then sterilized by Seitz filtration. This solution was prepared and added 
immediately before assay to prevent excessive e.xposure of ascorbic acid to an 
alkaline pH. 

(5) Methylene blue stock solution. A stock solution of 0.5 per cent methylene 
blue in distilled water was used as described below to indicate the degree of 
anaerobiosis in the final medium. Its addition may be omitted. 

TABLE 1 

Composition of complete Irypticase nutrient medium for Trichomonas vaginalis* 

(The amounts listed are the calculated values per 10 ml of final medium) 


Trypticase (BBL) 200 mg 

Sodium acetate 3HsO 48 mg 

Cysteine HCl 15 mg 

Maltose 10 mg 

Difco agar 10 mg 

IvaH COaf 5 mg 

Asparagine 2 mg 

Ascorbic acidf 1,000 pg 

Choline chloride SO pg 

Inositol SO pg 

Bibose 40 pg 

Adenine SO* 40 pg 

Guanine HCl 40 pg 

Xanthine 40 pg 

Uracil 40 pg 


Riboflavin 8.0 pg 

Thiamine HCl 1.6 pg 

Pyridoxine HCl 6.4 pg 

Pyridoxamine HCl 1-6 pg 

Pyridoxal HCl 1.6 pg 

Ca pantothenate 3.2 pg 

Kicotinic acid 3.2 pg 

p-Aminobenzoic acid 1.6 pg 

Biotin O.Spg 

Folic acid O.Spg 

Methylene blue (optional) 24.0 pg 

Adjusted to pH 6.0, and Ringer’s 

solution added to make: S.Oml 

Human blood serum diluted with 
equal volume of Ringer's solu- 

tionf 2.0 ml 

Final volume 10.0ml 


* To render the medium basal, serum is omitted, 
t Added as sterile solutions after the medium was autoclaved. 


To prepare 500 ml of the trypticase basal medium (so called in contrast to the 
CPLM medium), the following mixture was made: 250 ml of TV stock solution I, 
50 ml of TV stock solution II, and 625 mg of Difco agar were brought to a boh in 
a. 400-ml beaker heated over a steam bath. Heating was continued until the 
agar was completely dissolved. The solution was filtered while hot through 
porous Reeve-Angel filter paper. To the warm filtered mixture there were now 
added 0.3 ml of 0.5 per cent methylene blue, 12.5 g of trypticase (BBL), and 935 
mg of cysteine hydrochloride. The mixture was stirred well, and mild heat was 
applied until a perfectly clear solution resulted. After being cooled to room tem- 
perature the mixtiue was adjusted to pH 6.0 with 1 n HCl or 1 n AaOH and 
checked by the glass electrode. Finally the solution was diluted to 500 ml with 
the modified Ringer’s fluid, tubed in 8-ml lots, autoclaved, and allowed to cool. 
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Then 0.1 ml of the sterile ascorbic acid sodium bicarbonate solution was added 
asepticaUy to each tube. Tubes thus prepared may be stored at room tempera- 
tme for a period of 2 weeks without any deterioration of the medium. 

To render the medium complete, blood serum was diluted with an equal volume 
of Ringer’s solution and passed through a sterile filter (Berkefeld or Seitz). Two 
ml of this sterile diluted serum were then added asepticaUy to each tube contain- 
ing 8 ml of the basal Tiypticase medium, giving a final volume of 10 ml. 

The composition of the final complete trypticase nutrient medium for the cul- 
tivation of Trichomonas vaginalis is given in table 1. 

Assay of serum fractions may now be accompUshed by adding in place of the 
intact serum any one ^ven fraction or combination of fractions to a tube contain- 

TABLE 2 

Growth of Trichomonas vaginalis in trypticase medium compared with that in CPLII 

medium 


NUMBER 0? SH21AL T2AKSFES 

GIOWTH OF TKICHOUONAS VAGINAIIS EXPRESSED IN NmiBEE OF CELLS iU EE* 
AFIEE 48 HOUES IN EACH SEEUL TEANSIEE* 

8 ml of trypticase basal + 2 ml of 
duuted serumf 

8 ml of CPLM basal + 2 ml ol 
diluted serumt 

First culture 

11180 

2,275 

Serial transfer no. 1 

1,190 

2,500 

2 1 

1,550 

2,185 

3 

1,170 

1,055 

4 

915 

1,170 

5 

1,565 

2,450 

6 

1,040 

2,200 

7 

1,135 

2,600 

8 

1,565 

3,360 

9 

1,655 

2,275 

10 

1,580 

1,450 

11 

1,585 

1,140 


* Each value is the average of duplicate determinations, 
t The serum was diluted with an equal volume of Ringer’s solution before assay. 


ing 8 ml of the trypticase basal medium. As much as 2 ml of the material to -• 
tested may be used. Whenever volumes less than 2 ml are employed, 
solution must be added to compensate for the difference. The final 
each tube should always be 10 ml to permit a correct cell count comparison w 
intact serum controls. 


RESULTS AND COMMENTS ^ 

The ability of this new trypticase medium to maintaiq. sustained 
Trichomonas vaginalis as compared wdth the original CPLM culture Am 
dent from table 2. 

Growth through 11 successive subcultures is presented in table 2. o 
over 60 serial transfers have been made, and sustained growth has been we 
tained. Although the munber of cells present after 48 hours in the tryp * 
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medium was appreciably less than in the CPLM culture fluid, the organisms were 
more uniform in shape and larger in size, and possessed a greater degree of 
motility. The higher cell count obtained with the CPLM medium was due to 
the presence of stimulatory factors in the liver infusion used in that preparation. 
The same effect could be obtained with the trypticase medium if the B vitamins, 
purines, and pyrimidines were replaced by 0.15 per cent of Wilson’s liver fraction 
L. In one experiment in which this was done, an average count of duplicate 
determinations came to 2,885 cells per mm’ on the seventh serial transfer. 

Attempts to omit agar from the basal mediiun have resulted in irregular 
growth. Whether the stimulatory effects of agar are mechanical or chemical 
is still being investigated. 

The cell count method of measuring growth is time-consuming and tedious. 
Some attempts have been made to measure growth by a turbidimetric procedure 
involving the use of the Evelyn photoelectric colorimeter. It is possible that 
this technique may become practicable in future investigations. 

SUMMARY 

The original basal CPLM medium of Johnson and Trussell has been modified 
to make it suitable for the assay of unknown growth factors in blood serum es- 
sential for the sustained growth of Trichomonas vaginalis in pure cultmre. The 
Difco peptone was replaced by trypticase (BBL) and the liver infusion by a 
mivture of B vitamins, purines, and pyrimidines. In addition, acetate, as- 
paragine, ascorbic acid, bicarbonate, and ribose were added. This medium has 
the advantage of being better defined chemically than the CPLM medium, and 
has been devised for convenient preparation from stock solutions in a minimmn 
of time. 

Although growth, measured by the number of cells per cubic mi l lim eter, was 
appreciably less in 48 hours in the trypticase culture fluid than in the CPLM 
medium, nevertheless sustained growth in the trypticase medium has been main- 
tained through 60 serial transfers. Furthermore, the organisms in the trypticase 
nutrient were more uniform in shape and larger in size, and possessed a greater 
degree of motility. 
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In the preceding paper (Sprince and Kupferberg, 1946) it was pointed out that 
;rery little is known about the factors in blood serum necessary for the sustained 
growth of parasitic flagellates. The advantages of using Trichomonas vaginalis 
is an assay organism in investigating such factors were discussed. A detailed 
iescription of a basal medium, which was well defined chemically and was de- 
idsed primarily for rapid and convenient assay of such factors in serum, was 
presented. 

It is the purpose of this paper to report that human blood serum can be sepa- 
rated into two fractions — (1) an ether-soluble fraction, and (2) the remaining 
ither-insoluble residue — ^both of which are necessary for the sustained growth of 
Trichomonas vaginalis. 


EXPERIMENTAL 

Organism used. The organism used was a pure culture of Trichomonas va- 
]inalis strain no. 2. The history of this organism, the manner in which it has 
oeen carried, and the preparation of the inoculum prior to assay have been de- 
scribed in the first paper of this series. 

Basal medium. The trypticase basal medium used below and the assay pro- 
Jedure followed have been described in detail in the same publication. 

Fractionation of serum. Serum fractions were prepared as follows: 100 ml of 
tiuman blood serum^ (pooled from negative Wassermaim tests) were adjusted to 
pH 7.1 to 7.3 with several drops of either n HCl or n NaOH and checked with the 
glass electrode. The serum was then extracted with 200 ml of ethyl ether in a 
separatory funnel at room temperature. Eight to twelve extractions were made 
b this manner, the number being determined by lack of further color extractable 
by the ether. The pH was readjusted after each extraction to 7.1 to 7.3, and the 
volume of the aqueous phase was kept at approximately 100 ml to 125 ml. 

^ We wish to tR a pt- Dr. Jordi Folcb-Pi of the Rockefeller Institute Hospital, New York 
City, for a sample of his plasma lipid fraction. For small quantities of human serum albu- 
min, we are indebted to Dr. John Edsall of the Department of Physical Chemistry , Harvard 
Medical School. Human blood serum from negative Wassermann tests was made available 
to us through the kindness of Mr. J. H. Spooner of the State Department of Health, Trenton, 
New Jersey. 

We are grateful to Dr. Garth Johnson for his generous counsel and encouragement in this 
investigation. 

® The serum was heated to 55 C for 15 minutes, as is usually done in routine Wassermann 
testa to destroy the natural complement. 
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The ether extracts were pooled, and one-fourth of the total volume (o 25 ml 
intact serum) was evaporated to dryness in vacuo. Five ml of distilled water 
were added and evaporated to dryness twice. Finally 22 ml of distilled water 
were added. The mixture was now adjusted to pH 7.1 to 7.3 and shaken vigor- 
ously for several hours. The emulsion formed was readjusted to pH 7.1 to 7.3, 
brought to 25-ml volume with distilled water (thereby equating it to serum in 
concentration), and sterilized by being filtered through a sterile Seitz or fritted 
glass filter (Coming GYVKU). Use of the Coming glass filter necessitated 
constant stirring with a mbber pohceman. The remaining ether e.\tract was 
kept in the cold room for future use. 

The ether-insoluble phase was reduced by evaporation in vacuo at a tempera- 
ture under 45 C to a volume at least 10 ml beyond the point of detectable 
ether odor. Distilled water was then added to give a volume of 100 ml (to 
bring to serum concentration) , and the solution was sterilized hy filtration as 
described above. 

Several points in this separation procedure should be noted. Prolonged, 
vigorous shaking of the separatory funnel should be avoided, since a third lajer 
may form between the ether and aqueous phases that consists of a viscous mix- 
ture of ether, water, and serum material. This often persisted even after stand- 
ing overnight. In every case in which such a layer formed, it was regarded as 
belonging to the ether-insoluble phase and separations were made accordingly. 
Obviously, the addition of a sizable portion of third layer during the separation 
procedure to the ether-insoluble phase may introduce enough of the ether-soluble 
phase to render the former phase active per se when it is subjected to assay. 
Great care should be taken to avoid this. 

At best, the sterile filtrations were long and tedious. Occasionally, a complete 
block of the filter would be encoxmtered. In such cases, filtrations were effected 
by making up the fraction in question as a 5 per cent alcohol solution. Per 
assay purposes, all serum fractions must be homogeneous, and must remam so 
when mixed with the basal medium. 

Ether fractionation of serum below freezing temperatures has been reporter 
to result in excellent extraction of hpoidal material (McFarlane, 1942). Per 
om- pm-poses, how'ever, such attempts proved disappointing. Fractions wye 
obtained w'hich did not emulsify satisfactorily with water, and consequently 
not lend themselves to subsequent sterile filtration. In this connection, 
Cohn et al. (1946, footnotes 25 and 72). It is possible, however, that by theuic 


of proper protective agents, stable emulsions may be obtained. 

The preparation of serum fractions for assay. It wdll be noted that the 
serum fractions were made up in volumes equivalent to their original “ 
tion in serum. As inchcated in the preceding paper (Sprince and Kupfer ^ 
1946), serum controls were always chluted with an equal volume of 
solution and sterilized by filtration prior to assay. Consequently, al 
fractions equal to serum in concentration were likewise diluted with an e 
volume of Hinger’s solution and filtered sterilely before assay. This was o 
permit the comparison of the potency of a given fraction in replacing serum- 
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Data for a typical experiment in which serum has been replaced by fractions 
prepared therefrom are given in table 1. 

From table 1 it is evident that neither the aqueous emulsion of the ether 
extract nor the ether-insoluble phase alone supported growth. Even, doubling 
the volume of the separate fractions added to the basal medium gave no growth 
response. Addition of the two components together resulted in sustained growth 
through 5 serial transfers in numbers comparable to o serial transfers with intact 
serum. The results presented above have been repeated with 5 different lots of 
pooled serum. 

The ether-soluble phase. Attempts have been made to determine the nature of 
the active material in the ether-soluble phase. 

TABLE 1 

In vitro cultivation of Trichomonas vaginalis in fractions prepared from human blood 

serum 


* All samples of intact serum or serum fractions were diluted with an equal volume of 
Ringer’s solution, as indicated in a preceding paragraph. 

t Each value is the average of duplicate determinations. 

(1) The effect of heat. One ml of diluted aqueous emulsion of ether extract 
(— 0.5 ml serum) was added to each of duplicate tubes containing trypticase 
basal medium before autoclaving. The tubes were then autoclaved and cooled, 
had 1.0 ml of the sterile diluted ether-insoluble phase was introduced. Sterile 
ascorbic acid sodium bicarbonate solution was now added as usual, and the tubes 
were assayed. 

(2) Dialysis of aqueous emulsion of ether extract. Ten ml of u n d i luted aqueous 
emulsion of ether extract (== serum concentration, and pH adjusted to 5.S) was 
dialyzed against six 100-ml portions of distilled water over a period of 1 week at 
4 C (to prevent microbial contamination). The dialyzate was then evaporated 
to di^ess in vacuo, and the residue was made up to the original volume (10 ml) 
with distiUed water and adjusted to pH 6.8. The homogeneous solution was 


in. or DILUTED SESuit co^taoL* oa 
DILUTED szauil laACnOK* ADDED TO 
S ML^or TaTpncASS baeal iiEDruit to 

GIVE A TOTAL VOLUIIE 07 10 IIL PES TUBE 

Coatrol (2 ml of diluted intact 

serum) 

1.0 ml diluted aqueous emul- 
sion of ether extract -t 1.0 

ml sterile Ringer’s 

1.0 ml diluted ether-insoluble 
phase -r 1.0 ml sterile Ring- 
er’s 

1.0 ml diluted aqueous emul- 
sion of ether extract -}- 1.0 ml 
diluted ether - insoluble 
phase 


GROWTH OP TRICHOHOKAS VACCiALIS IH MHIBSR OP CT.T.T.S PER 

mi* ATTEa 4S Houas i>i each seel^l TaAXaJsat 


First 

culture 

Serial 
transfer 1 

Serial 
transfer 2 

Serial 
transfer 3 

Serial 
transfer 4 

Serial 

transfers 

1,550 

1,010 

710 

1,S95 

1,305 

1,510 

0 






990 

510 

0 




1,0S0 

6S5 

1,205 

2,335 

1,755 

1,115 
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thea diluted mth 10 ml of Ringer’s solution and sterilized by filtration. One-ml 
samples of this material were now introduced into duplicate tubes containing 8.0 
ml sterile trypticase basal medium to which there had already been added 1.0 
ml of sterile diluted ether-insoluble phase plus sterile ascorbic acid bicarbonate 
solution. Assays proceeded in the usual manner. 

(3) Replacement experiments. The following amounts of representative fat- 
soluble compoimds of physiological significance were dissolved m 50 to 100 ml 
of ether: 60 mg of lecithin, 30 mg of cholesterol, 30 mg of oleic acid, 30 mg oi 
linoleic acid, 30 mg of ergosterol, 3 mg of a-estradiol, 300 fig of a-tocopbercl, 
60 pg of |ff-carotene, and 60 pg of vitamin A. The ether solution was evaporated 
to dryness, and the residue was made up in distilled water, adjusted to pH 7.2, 


TABLE 2 

The nature of the material in the ether-soluble phase essential for the sustained groiclhoj 

Trichomonas vaginalis 


FSACnON BEPKESENXmO EIHEB- 


CROWTH OP TRlCHOilONAS VaCINAUS EXPRESSED IN NUMBER OF CEIXS fI2 
\r\0 after 48 HOURS IN EACH SERIAL TRAKSPERf 


SOLUBLE PHASE ADDED* 

First ' 
culture 

Serial ' 
transfer i 

Serial ' 
trausfer 2 

Serial 

transfers 

Serial 

transfer! 

Seiul 

tnuiiierf 

None (intact serum, control).. 

1,040 

1,140 

1,565 

1,655 

1,580 

l,5So 

None (aqueous ether-insoluble 

phase, control) 

Autoclaved aqueous emulsion 
of ether extract 

990 

1,660 

0 

1,555 

1,985 

1,110 

665 

1,005 

Dialyzate of aqueous emulsion 
of ether extract 

2,075 

1,340 

1,895 

1,695 

1,600 

1,610 

Replacement mixture of pure 
compounds (described 
above) 

710 

1,135 

450 

1 950 

1,560 

1,120 


* All fractions equivalent to serum in concentration were diluted with an equal vo me 
of Ringer's solution. One ml of the diluted material was then assayed in test tu es co 
taining 8.0 ml of trypticase basal medium plus 1.0 ml of diluted ether-insoluble p ase. 
t Each value is the average of duplicate determinations. 

and diluted to 30.0 ml. After dilution with Ringer’s solution to 60 ml 
filtration, assays with 1.0-ml samples were undertaken as described 
The results obtained in these studies of the nature of the active materia m 
ether extract are summarized in table 2. , 

It is readily apparent that the active material in the ether-soluble p 
heat-stable and dialyzable, and can be replaced rather effectively by a o ^ 
genized aqueous emulsion of the mixture of compounds described a 
plasma lipid fraction prepared by Doctor Jordi Tolch-Pi of the Roc 'e e e 
stitute Hospital, New York City, also proved to be quite active. ^ ^ 

Preliminary e.xperiaients have indicated that the active constituen 
mixtme is linoleic acid. In one instance in which linoleic acid (Eimer an ^ ^ ^ 
was used in place of the ether-soluble phase, an average count of up 
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terminations on the fifth serial transfer came to 955 cells per mm® as compared 
with 1,420 cells per mm® with intact serum controls. As will be seen below, 
present indications point to the passage of other stimulatory factors, in addition 
to linoleic acid or the mixture described above, into the ether extract during the 
separation procedure. 

The ether-insoluble 'phase. Experiments were performed in which the ether- 
insoluble phase was replaced by a solution of human serum albumin. 

A 5 per cent solution of human serum albumin (approximate concentration in 
human serum) was made up in distilled water and diluted with an equal volume 
of Ringer’s solution for assay purposes. In each experiment described below, 
1.0-ml samples of this preparation were assayed in tubes containing 8 ml of the 
usual trypticase medium to which 1 ml of a properly diluted fraction representing 
the ether-soluble phase was added. 


TABLE 3 

Replacement of ether-insoluble phase by human serum albumin 


•TSACIXON KEPSXSENTIKG ETHEi- 
SOEGEEE CHASE ADDED* 


None (intact serum, control).. 
None (human serum albumin, 

control) 

Aqueous emulsion of ether ex- 
tract 

Replacement mixture of pure 
compounds (described 
above) 


CSQWTH or TBICHOUONAS VACMAIIS EXPEESSED IN NDUBEE OE CEDES PEE 
1£1£* APTEE 48 HODES IN EACH SEEIAE TEANSPEEf 


First 

cultiire 

Serial 
transfer 1 

Serial 
transfer 2 

Serial , 
transfer 3 

Serial 1 
transfer 4 

Serial 
transfer 5 

1,180 

1,170 

1,170 

915 

1,565 

1,655 

900 

0 





355 

460 

615 

450 

395 

335 

570 

0 






* All fractions equivalent to serum in concentration were diluted with an equal volume 
of Ringer’s solution. One ml of the diluted material was then assayed in test tubes con- 
taining 8.0 ml of trypticase basal medium plus 1.0 ml of diluted human serum albumin, 
t Each value is the average of duplicate determinations. 


Table 3 presents data to demonstrate that the ether-insoluble phase can be 
replaced to some extent by human serum albumin if the ether extract component 
of serum is present in the medium. Sustained growth could be maintained under 
these conditions, but the resulting cell count was considerably less. Increasing 
the concentration of the ether extract and of the human serum albumin twofold 
did not effect an increased cell count. Evidently stimulatory factors normally 
present in the ether-insoluble fraction were lacking under these circumstances. 

Attempts to replace the ether extract of serum with the mixture of pure com- 
pounds (lecithin, cholesterol, oleic acid, linoleic acid, ergosterol, a-estradiol, 
a-tocopherol, /3-carotene, and vitamin A) in a medium containing human serum 
albumin in lieu of the aqueous ether-insoluble phase were unsucce^ful. ^ Th^ 
would indicate that substances other than these compounds (includmg linoleic 
acid) were present in the ether extract of serum which contributed to its activity. 
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DISCUSSION 

The separation of blood serum into two components, (1) ether-soluble and 
(2) ether-insoluble, both of which are necessary for the growth of a parasitic 
flagellate, is an observation which is of interest in light of previous investigations. 
In contrast to the findings of Cailleau for Trichomonas columbae (1936), chole- 
sterol was not the active factor in the ether-soluble extract. Moreover, in con- 
firmation of Kupferberg and Johnson (1941), estradiol was also found to be in- 
active. On the other hand, it should be noted that a number of fatty acids have 
been reported as growth accelerants for flagellates (Lwoff and Provasoli, 1937; 
Provasoh, 1937) . In view of these findings and our own observation with linoleic 
acid, a reinvestigation of both saturated and unsaturated fatty acids as possible 
growth factors for parasitic flagellates might be in order. 

The recent findings of Senekjie and Lewis (1945) are of particular interest, 
These investigators were able to demonstrate the existence of a factor in blood 
serum essential for the cultivation of leishmanias and trypanosomes. This 
active principle was dialyzable but not directly associated with albumin, euglobu- 
lin, pseudoglobulin, or any combination of these fractions. It is interesting to 
note that our factor in the ether extract of serum active for Trichomonas vaginalk 
was also dialyzable. It differed from the Senekjie-Lewis factor in being stable 
to autoclaving, whereas the latter factor survived heating at 70 C for 30 minutes 
only partially and was completely destroyed at 100 C. Nevertheless, the pos- 
sibility that the active factor (or factors) present in the ether-soluble extract of 
our experiments is identical with that of Senekjie and Lewis should be considered. 

SUMMARY 

Human blood serum has b.een separated by ether extraction into two fracfioii--i 
both of which are necessary for the sustained growth of Trichomonas vaginahi 
intrypticase basal medium. The fractions are (1) an ether-soluble fraction mo 
( 2) the aqueous ether-insoluble residue remaining after the extraction. Neither 
fraction alone supports growth, but addition of both to the basal culture 
provides a complete nutrient medium. Preliminary experiments indicate tM 
one of the active components of the ether-soluble fraction is linoleic acid (Euner 
and Amend, pure). Serum albumin is one of the active components of the aqni 
ous ether-insoluble phase. Factors necessary to effect optimal growth of Trie ^ 
monos vaginalis exist in both fractions, but the nature of these is, at presca-t 
unknown. 
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The morphological structure of the elementary bodies of vaccinia as revealed 
by the electron microscope was first studied by Green, Anderson, and Smadel 
(1942). Pictorial data presented by these workers showed that the elementary 
bodies are roughly rectangular in shape, possess a limiting membrane, and ex- 
hibit rounded areas of density greater than that of the remainder of the particle, 
suggestive of internal differentiation. These findings were confirmed by Sharp, 
Taylor, Hook, and Beard (1946), who, in addition, utilized the shadow-casting 
technique of Williams and Wyckoff (1945) and presented evidence that the ele- 
mentary bodies are essentially short cylinders apparently coated with a sticky 
substance. Recently Groupd, Oskay, and Rake (1946) have shown that the 
elementary bodies of fowl pox closely resemble those of canary pox and have 
many morphological characteristics in common with the elementary bodies of 
vaccinia. In addition, it was observed that the particles of these avian poxes 
are most frequently attached to one another at their corners, and that the char- 
acteristically flattened corner observed on many particles probably results from 
the separation of particles thus joined. In the studies presented below, the sha- 
dow-casting technique of Williams and Wyckoff (1945) has been utilized to study 
further the morphological characteristics of the elementary bodies of fowl pox 
with particular reference to their internal structure and the curious budlike 
structures previously described (Group5, Oskay, and Rake, 1946). 

■ MATERIALS AND METHODS 

An egg-adapted strain of fowl pox was obtained through the courtesy of Dr. 
F. R. Beaudette of the New Jersey Experiment Station and was maintained by 
serial egg passage using Burnet’s technique (Burnet, 1936). Heavily infected 
chorioallantoic membranes were ground with sand and 10 per cent suspensions 
in saline prepared. Partial purification of the elementary bodies was obtained by 
two cycles of differential centrifugation at speeds of 1,000 rpm and 15,000 rpm 
for 15 minutes and 45 minutes respectively. The pellet obtained from the 
final high-speed sedimentation of virus was resuspended in distilled water, and a 
small drop of the resulting virus suspension was immediately placed on the col- 
lodion film support. After drying in air the specimens were ready for shadow 
casting. We are greatly indebted to Dr. H. Sidney Newcomer, who designed and 
built the shadow-casting device used in these studies. This device has given 
e.xcellent results in the application of the technique introduced bj'' Williams and 
Wyckoff (1945). Satisfactory shadondng of the elementary bodies was obtained 
when about 20 mg of gold were vaporized, approximately 8 to 10 cm from the 
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specimen, at an angle ranging from 8 to 15 degrees, under a vacuum of the oixler 
of 0.00003 mm Hg. An RCA electron microscope (type EMU) was used through- 
out these studies. 



Figs. 1-4. Fowl Pox Virus Sh.\dowed with Gold 


1. Shadowed with 20 mg of gold at the angle tangent 1. 3/9.0. 2.4 X 12,400X. 

2. Shadowed with 19 mg of gold at the angle tangent 2/10. 2.4 X 12,400X. 

3. Shadowed with 20 mg of gold at the angle tangent 1. 3/9.0. 2.4 X S,620X. 

4. Shadowed with 19 mg of gold at the angle tangent 2/10. 2.3 X 12,400X. 

EXPERIAIENTAL 

It will be seen (figures 1 and 2) that the elementary bodies of foul 
to be flattened in varying degree and are usually rectangular in shape, a^ 
rounded forms are not uncommonlj-^ observed (figures 5, 0, and 7)- ,• 

seem that the particles settle on the collodion film with a certain 
collapse similar to the behavior of the elementary bodies of 
Anderson, and Smadel, 1942; Sharp, Taylor, Hook, and Beard, 19- ) 
pneumonitis (Rake, Rake, Hamre, and Groupe, 194G). Assuming k _ 
ary bodies of fowl pox to be short cjdindei-s like those of vaccinia (. lu 
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Figs. 5-7. Fowl Pox Virus Shadowed with Gold 


5. Shadowed with 20 mg of gold at the angle tangent 1. 3/9.0. 2.4 X 5>9MX. 

6. Shadowed with 20 mg of gold at the angle tangent 1.3/9.0. - ^ 

7. Shadowed with 19 mg of gold at the angle tangent 2/10. 2.3X 

Hook, and Beard, 1946), the presence of rounded foims could be explained by the 
manner in which the particles settle on the collodion fihn. , r 

It has been noted by Groupe, Oskay, and Rake (1946) that the particles o 
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fowl pox and canary pox are iisiiall 3 '- attached to one another at tlieir coniors 
and that the characteristicalli'^ flattened corner frequent^ observed on many 
particles (figure 1) probably results from the separation of two such particles. 
A ty^jical group of elementaiy bodies characteristically^ joined at their corners 
by’’ an interparticular bridge is presented in figure 2. These characteristics are 
also evident in the micrographs of vaccinia vuTis of other investigators (Green, 
Anderson, and Smadel, 1942; Sharp, Taydor, Hook, and Beard, 194G). The 
curious budlike structures previously described, which usually also appear at the 



Fig. S. Fowl, Pox Virus. 2.4 X 5,900X 



8 


corners of the particles, were not infrequently encountered in shadowed prepare 
tions. Two ty^pical examples are shown in figures 3 and 4. It will be seen tlut 
such structures r’aiy considerably’’ in size and are definitely’ connected with dn’i*' 
respective elementary bodies. It would seem reasonable to suppose that tlu^’ 
structures result from unequal division of the elementary bodies. Siniiha' nn 
equal division has been observed with the bacteria (Mudd and /Vnderson, 
Inasmuch as the large central area of condensation in the particles of vaeuii^ 
described by’ Green, Anderson, and Smadel (1942) appeared as a central ro”’" 
area of elevation when similar preparations were shadow-casted with go i • 
Sharp, Taylor, Hook, and Beard (194G), it was of particular interest to detena'- 
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whetlier such central areas would be evident when the elementaiy bodies of 
fowl pox were similarly shadowed. Although not observed in all preparations 
studied, it will be seen in the micrograph presented in figure 5 that such central 
areas of elevation are readily discernible and probably represent intraparticular 
material (figure S) which becomes apparent as a result of partial collapse of the 
particle. In addition to the central moundlike protrusions described above 
it will be seen from the pictorial data presented in figure 7 that numerous strands 
of taff 3 dike material, apparently under tension, connect many particles with one 



Fig. 9. Fowl Pox Virus Sh.vuowbd with 19 iig Gold .vt the .Vngle 
Tangent 2/tO. 2.4 X 5.900X 


another, and that these strands are easilj'' distinguished from the interparticulai 
bridge shown in figure 2. These findings are of interest in I’iew of the observa- 
tions of Sharp, Taylor, Hook, and Beard (1946) that the particles of vaccinia 
also appear to be coated vfith a sticky material which causes coherence of some 
of the particles. 

The sharply circumscribed, piled-up mass of elementr}'^ bodies presented in 
figure 9 is interpreted as representing a Bollinger or inclusion body. It u ill be 
seen that the particles are imbedded in a matrix, and that manj’' cross-hatching 
strands of sticky material are present. The elementaiy bodies aie associated 
■"’ith a matrLx or ground substance (figures 5, 6, and 9) onlj’' when localized masses 
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of particles are encountered during the examination of a specimen. Whetlui 
this material represents only material from the host cell or is linked with a soliibl,' 
antigen such as has been described by Shepard and Wyckoff (1940) for tho 
rickettsiae remains to be determined. 

DISCUSSION 

Although the elementary bodies of fowl pox are somewhat larger than those o! 
vaccinia, the similarities between the two are striking. The particles of both 
appear to be approximately rectangular in shape and possess large central mouml- 
like elevations. In addition, both seem to be coated with a sticky substance ami 
are frequently joined to one another at their corners. That classic examples of 
both avian and mammalian strains should so closely resemble one another mor- 
phologically adds still another link to the chain of evidence that has bound the 
viruses of the pox group together. The presence of forms suggesting uueiiua' 
division of elementary bodies, together with the characteristics mentioned above 
supports the suggestion of Green, Anderson, and Smadel (1942) that the ixr 
viruses have morphological characteristics that approach those of the bacteri.; 
rather than those of the plant viruses. 
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SUMALVRY 

The elementary bodies of fowl pox are approximately rectangular in shape, 
possess a central rounded area of elevation, and appear to be coated with a stick) 
material easily differentiated from interparticular bridges. The particles ate 
most frequently joined to one another at their corners, and not infrequently forna 
are seen that suggest unequal division of the elementary bodies. 
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For many years controversial reports have appeared in the literature to the 
effect that when bacteria grow in a culture medium more or less specific auto- 
inhibitory agents are produced. Some investigators have maintained that 
inhibition in culture media is due pr imar ily to a depletion of food supply. 

Among investigators who believe that autoinhibitory substances are produced 
during bacterial growth are Garrd (1887), De Giaxa (1889), Miquel (1889), 
Coplans (1910), Chesney (1916), McLeod and Govenlock (1921), Besredka 
(1923), Rideal (1923), Cornwall and Beer (1926), Gnmdel (1927), Weichardt 
(1927), Rogers (1928), Chaillot (1930), Fischer (1933), Powers (1934), Powers 
and Levine (1937), and Wheeler and Stuart (1937). 

In contrast to these workers, Graham-Smith (1920), Barnes (1931), and Her- 
shey and Bronfenbrenner (1937) ascribe the cessation of growth of bacteria to 
lack of available food material. 

Layne-Claypon (1909) and Cleary, Beard, and Clifton (1935) thought inhibi- 
fion to be caused by a combination of unavailability of food and the production 
)f grovrth-inhibiting substances. As to the nature of the postulated growth- 
nhibiting products, Garrd (1887), Miquel (1889), McLeod and Govenlock (1921), 
logers (1928), Powers (1934), and Powers and Levine (1937) believed such 
lubstances to be specific to a high degree. On the other hand, Weichardt (1927), 
'iinni and Molinari (1928), Fischer (1933), and Wheeler and Stuart believed that, 
vlule growth-inhibiting products are formed by bacteria, these products are non- 
ipecific. 

Be Giaxa (1889), Miquel (1889), Eijkmann (1904), and Besredka (1923) con- 
ddered the growth-inhibiting products of bacteria to be thermolabile, but Com- 
ivall and Beer (1926), Roger (1928), and Wheeler and Stuart (1937) hold the 
dew that such products are heat-stable. Marmorek (1902), Besredka (1923), 
ind Wheeler and Stuart (1937) reported the growth-mhibiting products to be 
ilterable, whereas Cornwall and Beer (1926), Grundel (1927), Rogers (1928), 
Powers (1934), and Powers and Levine (1937) were of the opmion that such sub- 
itances were nonfilterable, i.e., the inhibiting effect is removed or markedly re- 
iuced by filtration. 

The objective of the present study was to determine whether inhibition is due 
to automhibitory agents produced during bacterial metabolism. 

METHODS 

In the present study the technique employed was, briefly, as follows: One liter 
of sterile 1.0 per cent Difco proteose peptone broth (buffered with 0.1 per cent 

^ Now with the Michigan Department of Health. ' 
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KoHPOi) contained in a 2-Kter Erlenmeyer flask was inoculated with a cultured 
a member of the coli-aerogenes group and incubated at 37 C for 2 or more 
At the end of the incubation period the contents of the flask were warmed toll 
C, and equal portions of this “staled”® broth and a 3.0 per cent agar gel (pro- 
\aously warmed to 45 C) were mixed thoroughly. The mixture of broth culture 
and agar gel, which constituted the so-called “staled-agar-substrate,” was thea 
poured into sterile petri dishes (15 to 20 ml per dish) and allowed to harden. Tie 
outer faces of the bottoms of the petri dishes were marked off in quadrants by 
means of a glass-marking pencil. Each quadrant was inoculated by streakk^ 
across it a loopful of a culture of a test organism, grown for 18 to 24 hours, at 
37 C in proteose peptone (1 per cent) broth. The following were employed as 
controls: 

(1) Each organism was streaked on nutrient agar to determine “normal” 
vigor of growth. 

(2) On smearing a loopful of a broth culture on staled media the workers some- 
times observed that a film resembling very faint growth developed. To elimiuata 
any error in respect to this phenomenon, several autoclaved broth cultures were 
streaked on staled media as controls. 

All plates were incubated at 37 C for 48 hours, and the relative vigor of groirth 
was recorded as follows: 


0 = no growth 

0.5 = slight growth 

1.0 = fair growth 

2.0 = moderate growth 

3.0 = good growth 

4.0 = heavy growth 

At times interpolations between the values listed above were made. For a- 
ample, 2.5 represents growth that is apparently better than that expressed by - 
but less than that expressed by the value 3.0. 


RESULTS 

Preliminary observation. Many series of experiments were made in the 
described above, but as results were fairly similar, only those for one senes m 
presented in table 1. 

It will be noted that strains which belong to the same genus as that use - 
producing a staled substrate were markedly inhibited by that substrate. 
was especially true of strains of Escherichia which were completely mhibi e ^ 
the two Escherichia coli “staled” substrates employed. Similarly, bu 
lesser extent than observed with strains of Escherichia, strains of “CilfO 
Aerobacter aerogenes, and Aerobacter cloacae were inhibited by their homo -s- 
substrates. 

Since complete inhibition of Escherichia strains was obtained with su -- - 
of E. coli (strains 100 and 115), it was felt that old broth cultures of these - 

- “Staled” agar consisted of equal parts 3.0 per cent Difco agar and a proteoie P«f 
(1.0 per cent) broth culture grown at 37 C for 48 (or more) hours. 
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merited further study. E. coli (strain no. 100) was arbitrarily selected and ob- 
servations made of the effect of time and temperature of incubation on the in- 
hibiting properties of the “staled” media. 

TABLE 1 


Grotcih of members of coli-aerogenes group on staled* media 





STAXED ST;BSX2A1£S 



TXSTSTS.U^’S 

E. uli 

E. coli 

“Citrolacta” 

.-1. aerogenes 

A, aerogenes 

A. deaeae 

(no. 100) 

(no. U5) 

(no. 277) 

(no. 174) 

(no. 103 A) 

(qo. 41) 



Relative visorof gro-iTth.-tShr^S? C 


Escherichia 




mm 



107 

0 

0 

0 

■■ 

2 

0 

2 

0 

0 

0.5 


1 

1 

115 

0 

0 

0.5 


1.5 

2 

200 

0 

0 

1 


1.5 

2 

100 

0 

0 

1 

BH 

2 

2 

101 

0 

0 

1 

■B 

1 

0 

133 

0 

0 

0.5 

■■ 

1 

1 

"Cilrobacter'' 







79B 

1.5 

1.0 

1 

1.5 

2.5 

2.0 

202 

1 

1 

0 

1.0 

2.0 

1.5 

277 

1 

1 

0 

1.5 

1.5 

2.5 

12SC 

1 

1 

0 

1.5 

1.5 

1.0 

139S 

1 

1 

1 

1.5 

2.0 

1.5 

144S 

2 

1.5 

1 

1.5 

2.5 

2.0 

147 

1 

1 


1.5 

1.5 

1.0 

A. aerogenes 

244 

1.0 

> 

2.5 

1.0 

0.0 

0.0 

2.0 

73 

2.0 

2.0 

1.0 

1.0 

1.5 

1.5 

174 

3.0 

3.0 

2.0 

0.0 

2.5 

2.5 

A1 

3.0 

3.0 

3.0 

1.0 

2.5 

3.0 

.42 

1.0 

1.0 

1.0 

0.0 

2.5 

2.5 

66A 

1.5 

1.0 

1.0 

0.5 

0.0 

2.5 

lOSA 

2.0 

2.0 

1.0 


0.5 

2.5 

ISOD 

2.0 

2.5 

3.0 

1.5 

2.0 

3.0 

A. cloacae 






1.0 

301 

1.5 

1.5 

1.0 

0.5 

1.0 

251 

1.5 

1.0 

0.5 

1.0 


1.0 

252 

1.5 

1.0 

O.o 

1.0 

1.0 


41 

2.0 

1.5 

0.5 

0.5 

1.0 

msm 

lOAj 

1.5 

1.0 

0.5 

0.5 

0.5 


211D 

1.5 

1.0 

0.5 

0.5 



214Di 

1.0 

0.0 

0.0 

0.0 

0.0 

U.O 


* Ten-day (37 C) cultures employed for staling media. 

0 —no growth. 2.0— moderate growth. 

0.5— slight growth. 3.0— good growth. 

1.0— fair growth. 4.0— vigorous growth. 






























458 


J. M. COBLENTZ AND JtiX LEVINE [vOL. 53 

Effect of length of staling period on inhibiting properties of staled media. A 
series of 2-liter Erlemneyer flasks (containing 1 liter of 1.0 per cent prote 
peptone) was inoculated with E. coli no. 100 and incubated at 37 C for 2 to 25 
days. At the end of various incubation periods a flask was removed and staled 
agar plate tests were made as previously described. In these tests 198 strains 
were used, as follows: Escherichia, 50 strains; A. aerogenes, 49 strains; A. chacae, 
49 strains; and “Citroiacter,” 50 strains. 


TABLE 2 


Effect of age of broth culture of E. coli no. 100, employed to prepare staled agar, on grotrlh cj 

members of coli-aerogenes group 


TEST STRAINS 

AGE or CULTURE EMTLOVED TOR STALING 

2 Days 

4 Days 



25D»jn 

Cumulative vigor of growth, 48 hr, 37 C 

Escherichia 

2.5 

0 

3 

0 

0 

(50 strains) 






A. aerogenes 

77.5 

72 

53.5 

51.5 

30.5 

(49 strains) 






A. cloacae 

46.0 

46.0 

28.0 

25.5 

18.0 

(49 strains) 






“Citrobacter’-> 

37.0 

27.5 

21.0 

15.5 

11.5 

(50 strains) 

j 







Per cent of strains completely inhibited 


Escherichia 

90.0 

100.0 

94.0 

100.0 


(50 strains) 







A. aerogenes 

0.0 

4.1 

4.1 

6.2 

2.0 

(49 strains) 







A. cloacae 

26.5 

20.4 

26.5 

26.5 

31.3 

(49 strains) 





______ 

“Ciirobacter” 

20.0 

30.0 

36.0 

56.0 

C.S.0 

(50 strains) 





^ 


d 


The results are summarized in table 2, which gives the cumulative 
growth for each group of test organisms for a given medium. The cumu • ” 
vigor of growth for any group of organisms is a figm'e derived by adding the ' " 
for vigor of growth for each strain of that group. (These individual ' 
were scored as in the preceding experiments.) For example, the data o ^ 
2 indicate that the cumulative vigor of growth for 50 strains of Escherichta^^^^ 
4 days’ incubation of the substrate was 0. In other words, not one of the ^ 
ichia strains showed visible growth upon that particular substrate. 





































1947] 


EFFECT OF E. COLI ON COLI-AEROGENES BACTERIA 


459 


are also given the percentages of strains completely inhibited on the various staled 
media. 

It is evident from the results obtained that incubation of the culture substrates 
for as little as 48 hours vras sufficient almost completely to prevent growth of 
Escherichia strains, and that the degree of inhibition of the strains of A. aerogenes, 


’ TABLE 3 

Effect of temperature of incubation of culture used to prepare staled agar* on growth of coli- 

acrogenes group 


TEST SIEADiS 

STAIZD S1JBST2ATES 

E, cali 
(ao. 100) 

i E» coli 

1 (do. 115) 

A, aerogenes 

Ai 

A. aerogenes 
(no. 174) 

CCCUBAUOH TZlfPZEATUEE 

37 C 1 

30C 1 

37 C 1 

30C 

37 C 1 

30C 1 

37C 

1 30C 

Cumulative vigor of grovith 

Escherichia 

0 

1 

0 * 

0.5 

0 1 

44.0 ! 

43.0 1 

45.5 ' 

36.5 

(50 strains) 









A. aerogenes 

77.0 

72.0 

80.0 

67.5 

6.0 

14.0 

12.5 

8.0 

(49 strains) 





i 




A. cloacae 

36.0 

55.5 

41.5 

46.5 

0.5 

IB 

0.5 

0.5 

(49 strains) 






■I 



'‘Citrobacter’’- 

35.5 

45.0 

40.5 

44.5 

41.0 

43.5 

33.5 

46.5 

(50 strains) 










Fecceiitage of strains completely lulubltexit 

Escherichia 

100 

100 

98 

100 

0 

0 

2 

18 

(50 strains) 









A. aerogenes 

0 

0 

2 

2 

77 

43 

51 

71 

(49 strains) 









A. cloacae 

27 • 

14 

18 

20 

98 

94 

98 

98 

(49 strains) 









Citrobacter^' 

22 

8 

18 

8 

16 

4 

16 

8 

(50 strains) 










* Twelve-day-old cultures used, 
t Percentage calculated to nearest whole number. 


A. cloacae, and “Citrolacter" employed increased progressively with the age of the 
staled substrate. The effect of age of staling was particularly marked with the 
“Citrobacter” strains, which showed a progressive rise (from 20 per cent for the 
2-<iay to 68 per cent for the 25-day-old staled medium) in the number of cultures 
completely inhibited as the age of the staling culture increased. 
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The Escherichia strains were completely inhibited by a 4-day staled mediui 
while the cumulative vigor of growth for the Aerobacter strains was 72 in contra, 
to the low value of 27.5 for the “Citrobacter” strains. This relationship (i.e 
the Escherichia strains being completely inhibited, the Aerohacler strains shora 
the least degree of inhibition, with the “Citrobacter” strains falling in behvee 
these) held true for each of the 5 staled media observed. It therefore appeal 
that the “Citrobacter” strains are not only intermediate on the basis of tl 
V.P.-M.E..-citrate reactions, but they are also intermediate with respect t 
vigor of growth on Escherichia staled agar media. 

Effect of temperature of incubation of staled broth on inhibitory properties. Th 
effect of temperature of incubation on the inhibitory properties of staled aga 
was observed, the same technique and 198 test cultures being employed as in th 
preceding experiments. Duplicate staled agar substrates were prepared usia 
two sets of the following organisms (one set incubated at 37 C and the other a 
30 C for 12 days): E. coli no. 115, E. coli no. 100, A. aerogenes As, and A. am 
genes no. 174. Each test culture was streaked on each substrate, and the plate 
were incubated at 37 C for 48 hours, after which the vigor of growth was re 
corded. 

The results are summarized in table 3, where values for the ciunulative vigo 
of growth are recorded for each group of test strains upon each substrate, aac 
also the percentages of strains completely inhibited. The results mdicate that 
though the individual strains showed some variations, there was no significan 
difference in the inhibitory properties of staled broth produced by cultures in 
cubated at 30 C or 37 C for 12 days. 


SUMMAHY AND CONCLUSIONS 

Some observations were made on the production of growth-inhibitory substance; 
by members of the coli-aerogenes group.® 

Members of the coli-aerogenes group growing in 1.0 per cent proteose pepton; 
broth buffered with 0.1 per cent K 2 HPO 4 produced autoinhibitory agents. Tho:C 
produced by Escherichia coli were especially effective as indicated by compld® 
inhibition of 50 Escherichia strains on a staled agar made from a 48-hour (a 
37 C) culture of E. coli. , 

The degree of inhi bition increased with the time of incubation of the bro 
cultures used for preparing a staled medium. 

There was no marked difference in the inhibitory agents produced by 
bation of broth cultures at 37 C as compared with that at 30 C for a period 0 
days. 

The inhibitory substances produced by members of the coli-aerogenea gr 
in old broth cultures may serve as a basis for differentiation or for isolation 0 
various members of the coliform group from mixtures. 
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Demerec (1945) and Luria (1946), in studying the resistance of staphylococci 
to penicillin, found that for a given inoculum (approximately 300,000,000 
bacteria) there was a variation in resistance of approximately tenfold for all of 
their strains; e.g., if the inoculum required 0.1 unit of penicillin for complete 
inhibition, many of the bacteria in the inoculum would be inhibited by as little 
as 0.01 unit. The titer of 0.1 imit represented the resistance of a relatively small 
number of bacteria in the inoculum. Demerec indicated that the development of 
penicillin resistance resulted from the selection of the most resistant bacteria in 
concentrations of penicillin not completely inhibiting growth. By continued 
subcultures in higher penicillin concentrations resistance gradually developed 
through a series of small increments. 

We foimd that, in the case of streptomycin (Klein and Kimmelman, 1946) 
and penicillin, if one examined only several million bacteria, there was a similar 
relatively small range of variation in resistance. However, by ex aminin g very 
large numbers of bacteria not previously exposed to streptomycin, namely, several 
billion, it was possible to isolate from all of six strains of the shigellae studied 
(standard inocula of which were inhibited by 3 to 7 units of streptomycin) vari- 
ants resistant to more than 1,000 imits of streptomycin. The presence of these 
highly resistant variants (approximately one resistant bacterium to one billion 
susceptible cells) was indicated to be the critical factor for the very rapid develop- 
ment of streptomycin resistance. 

Climcally and in vitro (Graessle and Frost, 1946) bacteria become resistant to 
penicillin at a far slower rate than to streptomycin. If the few highly resistant 
variants are the factors determining the very rapid development of streptomycin 
resistance, then it follows that highly resistant variants should regularly be found 
present in strains showing a rapid rate of development in their streptomycin 
resistance. Highly resistant penicillin variants should be absent or far less fre- 
quent in strains showing a slow rate in their development of penicillin resistance. 

In the present work we have tested several billion bacteria in each member of a 
group of strains for the presence of highly resistant variants against penicillin 
and streptomycin. We have found that while highly resistant variants against 
streptomycin were present in all the strains tested, no highly resistant variants 
Were found against penicillin. These results were reflected by the rates at which 
the strains became resistant in vitro to the two chemotherapeutic agents. 

* This investigation has been aided by a grant from the Josiah Maoy, Jr., Foundation. 
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EXPERIMENTAL 

The methods used in the assay procedures for resistant variants and the de- 
velopment of resistant strains are essentially similar, to the procedures previouely 
used (Klem and Kimmelman, 1946). The various penicillin and streptomycin 
dilutions were prepared in a final volume of 5 ml of extract broth, pH 7.3.* 
Incidence of variants resistant to 'penicillin and streptomycin. In our assays 
very large inocula were used in order to permit the examination of many bacteria 
for the very few resistant variants present. The initial titers of the test strains 

TABLE 1 

Incidence of variants resistant to penicillin* 


TEST BACTERIA. 

INITIAI. titer; 

DKITS OR 
PENICILIIN PER 
ML ZNHXBtTINC 
GROWTH 

2»T7J£BER OP 
POSITIVE 
CULTURES 
(lESlSTANT 
VA2IAOTS) 

IN 100 TUBES 

TEST CONC. OF 
pekiczllxn; 
UNITS PER ML 

roiBlSOUH 

o/nsT 

PTSiatns 

0\TS Dcmti 

mu 


0.1 

0 

2.0 

a) 


0.1 

0 

7.5 



0.1 

0 

7.5 

mM 

Staphylococcus aureus no. 4A 

0.5 

0 

2.5 


Staphylococcus aureus no. 5A 

Staphylococcus albus no. 7 

0.1 

0.1 

0 

0 

2.0 

2.5 


Staphylococcus albus no. 7 

0.1 

0 

7.5 


Staphylococcus albus no. 7 

0.1 

0 

7.5 

mm 

Staphylococcus aureus no. 725 

0.1 

Of 

0 

1.0 


Staphylor.occu!^ aureus no. 725 

0.1 

2.5 

mm 

Staphylococcus aureus no. 725 

0.1 

0 , 

4.0 

•10 

Staphylococcus aureus no. 725 

0.1 

0 

7.5 

75 

Staphylococcus aureus no. 723 

0.1 

0 

1.5 

15 

Staphylococcus aureus no. 723 

0.1 

0 

2.5 


Staphylococcus aureus no. 723 

0.1 

0 

7.5 


Streptococcus viridans 

6.0 

0 

600 


Streptococcus viridans 

6.0 

0 

250 

HI 

Staphylococcus aureus no. lA 

0.05 

0 

0.5 

■■ 


* Inoculum used in determining initial titer was 0.4 ml of a 20- to 24 -hour brot 
(approximately 80,000,000 bacteria). Number of resistant variants in each assay 'f’ ^ 
termined by seeding 0.4 ml of culture into each of 100 broth tubes containing 5 m o 
cated test concentration of penicillin. 

t Growth was observed after 72 hours in one tube of this assay. 

listed in tables 1 and 2 were determined by using as our standard inoculum 
ml of a 20- to 24-hour broth culture. As we have previously showTi in the ^ 
the shigellae (Klein and Kimmelman, 1946), though a given concentra 
streptomycin may inhibit the growth of a single test inoculum, one canao 
elude that this specific strain caimot ^ve rise to variants resistant 
streptomycin concentrations. These highly resistant variants can only 
by examining very large numbers of bacteria. 

’ We wish to thank Dr. Chester S. Keefer, Chairman of the Committee on CL 
peutic .Agents of the National Research Council, for our supply of streptomyci 
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We tested our strains for variants resistant to penicillin and streptomycin by 
inoculating 100 of the standard 0.4-ml inocula into concentrations of penicUlin 
or streptomycin many times greater than the concentration found inhibitory 
in the initial assays. For example, it was found that the 0.4-ml inoculum of 
Staphybcoccus aureus no. 725 (table 1) was inhibited by 0.1 unit of penicillin. 
Four series of one himdred 0.4-ml samples were tested for variants resistant to 
1, 2.5, 4, and 7.5 units of penicillin, which represented a 10-, 25-, 40-, and 75-fold 
increase, respectively, over the initial titer. For a given assay, if growth occurred 
in a single tube after 48 hours’ incubation at 37 C, it indicated that one of the 
one hundred 0.4-ml inocula contained a bacterium resistant to the high test 
concentration of the chemotherapeutic agent. The results are summarized in 
tables 1 and 2. 

Only four of the strains were tested against both of the agents, since they were 
the only strains sufficiently susceptible to both agents to permit an assay for 

TABLE 2 


Incidence of variants resistant to streptomycin 


TEST BACTEBIA 

INITIAL titee; 

UNITS OF 
SXlEPXOlIYCm 
PEE ML 
INHIBITIKG 
GEOWT3 

NUMBER OF 
POSITIVE 
CULTURES 
(RES1STA14T 
VARIANTS) 

IN 100 TUBES 

TEST CONC. OF 
STREPTOMYCIN; 
UNITS PER ML 

FOLD INCREASE 
OF TEST 
STREPTOMYCIN 
CONCENTRATION 
OVER INITIAL 
TITER 

Escherichia coli 

12 

18 


84 

Proteus vulgaris 

64 

1 

15 

Staphylococcus albus no. 7 

4 

9 

25 

Staphylococcus albus no. 7 

4 

2 


250 

Stavhvlococcus aurp.u.^ nn. 4 A 

16 

25 


62 


10 

1 


100 


16 

1 

80 





resistant variants. For example, Escherichia coli and Proteus vulgaris were 
assayed only against streptomycin for resistant variants, since both strains grew 
in more than 50 units of penicillin per ml in the initial assay. As shown in tables 
1 and 2, the incidence of resistant variants to the two agents differed markedly. 
On the assumption that growth in each tube represents the presence of one re- 
sistant variant, 57 variants resistant to high concentrations of streptomycin were 
found after seven assays of 100 tubes each. No highly resistant penicillin vari- 
ants were found in eighteen 100-tube assays. 

The rate of development of resistance to penicillin and streptomycin. Since 
highly resistant variants were present in the streptomycin assays but not in the 
penicillin assays, we studied the rate at which the four test strains (table 3) 
became resistant in vitro in order to determine the correlation between the in- 
cidence of resistant variants and the rate of development of resistance. Using 
an inoculum of 0.1 ml of a 20- to 24-hour broth culture, 0.1 ml was subcultured 
from the last tube showing growth in the penicillin and streptomycin assays to 
higher concentrations of the respective agents. The fold increase in resistance 
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is indicated after 3 subcultures in the case of streptomycin and after 3 and 0 
subcultures in the case of penicillin. The results show that the four strains h- 
came resistant to streptomycin at a much more rapid rate than to penidllb. 
After only 3 subcultures all of the strains grew in 5,000 units of streptomycin pc: 
ml, the highest test concentration. The penicillin strains showed only a slisti 
increase in resistance after 3 subcultures, and even after 6 subcultures th 
penicillin strains (excepting S. aureus no. 5a) did not reach the same level d 
resistance as was obtained with streptomycin. 

We also attempted to study the presence of highly resistant variants in sulfa- 
diazine. However, our standard inoculum of 0.4 ml grew in a saturated solutica 
of sodium sulfadiazine in a casein hydrolyzate medium, and even a 100-fold re- 
duction in the size of the inoculum still gave us growth in this sulfonamide con- 
centration (1 : 500) . Since it was not feasible imder the conditions of our assay to 

TABLE 3 


Rate of development of resistance to penicillin and streptomycin 


TEST BACTERIA 

rOID IKCIEASE IN XESIST.4NCE 

After 3 subcultures 

After 6 subculium 

Penicillin 

Streptomycin 

Penicillin 

Strejtesjw' 

Staphylococcus albus no. 7 

2 

1,250 

10 

- 

Staphylococcus aureus no. 4A 

10 

315 



Staphylococcus aureus no. 5A 

50 

500 



Staphylococcus aureus no. 726 

2 

315 

100 1 



* After 3 subcultures all of the strains grew in 5,000 units of streptomycin per ml, it- 


highest concentration tested. 

examine as large numbers of bacteria as had been tested with penicillin and strep- 
tomycin, no extended studies for resistant variants were done with the sulfoiu 
mides. 


DISCUSSION 

Our results indicate clearly that though variants showing a high degree ^ 
resistance can be found in cultures assayed against streptomycin, highly rea----' 
variants are not found against penicillin. These results indicate that the 
lo\Ying factors are involved in the rate of development of drug resistance. ^ 
If one inoculates bacteria into partially inhibitory concentrations ol, 
units of streptomycin, many of the bacteria will be killed; and as the 
sistant bacteria in the inoculum multiply, they will show a distribution p- • 
in their resistance. Since the bacteria are now growing in 4 imits of streptc^ 
cin, variation of the bacteria will occur in the direction of resistance greatt-f ^ , 
4 units, and the degree of increased resistance will be determined by the e-vt^^ ^ 
variation in resistance of the new bacteria. If the bacteria give ri=e to c^t ^ ^ 
which the range of resistance is very great, e.g., bacteria growing m ■ _ 

streptomycin giving rise to variants resistant to 100 or 1,000 units o - f 
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mycin, then the rate of development of resistance will be very rapid. This is 
the probable pattern of development in the case of streptomycin. 

In the case of penicillin, however, there is not a broad range of penicillin-re- 
sistant bacteria, and highly resistant variants do not occur. Therefore, if bac- 
teria are growing in partially inhibitoiy concentrations of, say, 0.1 unit of peni- 
cillin, the distribution of resistance in bacteria growing in this concentration mil 
always be relatively close to 0.1 unit, and the rate of development of resistance 
will he slow. 

Whether or not the selection of resistant variants is the only factor involved in 
the development of resistance is difficult to determine. Though we have pre- 
viously found (Klein and Kimmelman, 1946) that the shigellae when in the rest- 
ing stage show no adaptation to streptomycin after prolonged exposure, it is 
possible that a change in resistance can occur when streptomycin acts on suscept- 
ible dividing bacteria. The problem is difficult because, if one works with di- 
viding cells, it would be hard to determine whether the increased resistance results 
from the presence of resistant variants or the interaction between susceptible 
dividing bacteria and streptomycin. 

SUMMARY 

A total of 57 variants resistant to high concentrations of streptomycin were 
isolated from all of six strains tested. No variants possessing a high degree of 
resistance to penicillin were found in a total of eight strains. The incidence of 
resistant variants against the two chemotherapeutic agents was correlated with 
the rate at which resistance developed in vitro. 
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The literature on the antagonistic action of members of the genus Aerobacter 
is rather scanty. Winslow and Cohen (1918a, 19186) reported that when a 
mixture of 46 per cent Bacillus aerogenes cells and 54 per cent Bacillus coli cells 
suspended in unsterilized tap water was stored 60 days, only 29 per cent of the 
remaining cells were B. coli. A slight degree of antagonism might conceivably 
have existed; however, Powers and Levine (1937) failed to demonstrate ap- 
preciable inhibition of Escherichia and “intermediate” strains on “staled” media 
made by adding agar to 10-day broth cultures of Aerobacter aerogenes and 
Aerobacter cloacae. Gundel (1927) claimed Bacterium lactis-aerogenes to be 
antagonistic to Bacillus anihracis but stated that the strains which he used could 
be distinguished from colon bacilli solely on the basis of capsule formation. 
Ivanovics (1931) reported only one out of six B. aerogenes strains moderately 
inhibitory toward Eberthella typhosa in plain broth, but aU six were markedly in- 
hibitory in sodium tetrathionate broth. Wjmne and Williams (1945) confirmed 
Ivanovics’ finding of antagonism of A. aerogenes toward E. typhosa but found a 
much higher degree of antagonism in plain broth than in sodium tetrathionate 
medium. Waksman (1945) has cited Fadeeva and Tchemobaiev’s 1935 report 
of antagonism of A. aerogenes toward Bacillus pestis. 

EXPERIMENTAL 

All species used in this work were repurified by single colony isolation before 
the investigation was initiated. The 21 species tested against the Aerobacter 
strains were from the stock culture collection of the Department of Bacteriology 
at the University of Texas, where their characteristics had been checked at 
intervals over a considerable period of time. These included Alkaligenes 
faecalis. Bacillus anihracis. Bacillus cereus, Bacillus mycoid.es. Bacillus mycoides 
24-V (cereus-like variant). Bacillus polymyxa. Bacillus subtilis Koch-Novy, 
Eberthella typhosa, Escherichia coli, Neisseria catarrhalis, Proteus vulgaris. Pseu- 
domonas fluorescens. Salmonella aertrycke, Salmonella enteritidis, Salmonella 
paratyphi, Salmonella schottmuelleri, Serratia marcescens. Shigella parody senteriae 
(Flexner), Shigella paradysenteriae (Hiss), Shigella sonnei, and Staphylococcus 
aureus. 

The eight Aerobacter strains used were Aerobacter cloacae, A. aerogenes L, A. 
aerogenes 29, and five strains of A. aerogenes numbered 1 to 5. The first three 
strains were obtained from the same source as the test species. Except where 
otherwise specified, A . aerogenes 29 was used throughout the investigation. The 
remaining five A. aerogenes strains (1 to 5) were isolated from stool specimens. 
All seven A. aerogenes strains were gram-negative, nonmotile short rods producing 
acid throughout and gas in the butt of RusseU double sugar, acid and gas from 
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lactose, sucrose, and glycerol, no liquefaction of gelatin, positive Voges-Prosbucr 
tests, negative methyl red tests, and typical colonies on eosin methylene blue 
agar. The latter "ss'ere pink, usually "with dark reddish-purple centers, mucoid 
and capitate. The A. cloacae strain differed in being motile, not fermenting 
glycerol, and producing flatter colonies with a marked spreading tendency. It 
had apparently lost its po'n'er of liquefydng gelatin, a not uncommon event ac- 
cording to Bergey et al. (1939). 

All except four of the media employed -were prepared from Difco dehydrated 
products. Eosin methylene blue agar mth sucrose only ■was made according to 
the formula of the Difco Manual (1939), e.xcept that 10 grains per liter of sucrose 
vs’ere used instead of 5 grams each of sucrose and lactose. Eosin methylene blue 
agar ■with lactose only was prepared similarly. Buffered glucose broth for Voges- 
Proskauer and methyl red contained 5 grams per liter each of proteose peptone, 
K2HPO4, and glucose. Finall 3 '', glycerol broth was prepared from Difco nutrient 
broth to which was added 1 gram of Na 2 HP 04 , 10 ml of Andrade’s indicator, and 
5 grams of glycerol per liter. 

Incubations were at 37 C, except for S. marcescens, which was incubated at 
room temperature for maximum pigment production. All nutrient agar plates 
were incubated about 24 hours, but the eosin methylene blue media were in- 
cubated 12 to 16 hours to lessen Aerobacter overgrowth. Russell double sugar 
and carbohydrate indicator media were read at 24 hours, nutrient gelatin at IS 
hours, bismuth sulfite agar at 4 days, Voges-Proskauer tests at 24 to 48 hours, and 
methyl red tests at 4 days. 

Quantitative differentiation of the colonies of the test species from those of d. 
aerogenes 29, a necessary part of the experimental method employed, in the ma- 
jority of cases afforded no special difficulty. Because of the rather slow dbap- 
pearance of E. iyphosa and S. paradysenteriae (Flexner) from mixed cultures, 
doubtful colonies on eosin methylene blue agar were picked to Russell double sugar 
agar for confirmation. Such a procedure was rendered necessaiy by the short 
(12 to 16 hours) incubation time used to reduce Aerobacter overgrowth, since an 


occasional slo^wly developing colony of the latter led to some confusion. 

E. coli colonies on eosin methylene blue agar were typically purplish black an^ 
easily distinguished from colonies of A. aerogenes 29, but at times slow e- 
velopment of the latter and its production of a flat variant type led to som- 
difficulty. The formation of colored colonies on eosin methylene blue agar 
a function of acid production, as showm by Wynne, Rode, and Hayavard (U - • 
Since the E. coli strain did not ferment sucrose, eosin methylene blue 
containing sucrose only (instead of sucrose and lactose) was also used, 
resulting clear-cut differentiation bet’ween the colorless Escherichia colonic^ - 


the usual Aerobacter type. . , ; 

Considerable difficulty was experienced at first in distingiushing 
the S. sonnet strain used, because of its rapid fermentation of lactose a 
production by the Aerobacter strain of the flat variant mentioned above 
methylene blue agar. At 48 hours’ incubation, however, it wm maa 
colonies of the former species possessed a reddish-orange tinge aidmg ma -7 
in their identification, as confirmed by numerous tests of doubtful co on- 
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Russell double sugar agar and phenol red sucrose broth. As the Shigella strain 
did not ferment sucrose, eosin methylene blue agar containing sucrose only was 
also employed, with the same well-defined differences in colonies as was obtained 
in the case of E. coli. P. vulgaris presented difficulties in colonial differentiation 
quite similar to those experienced with S. sonnei. Since the former fermented 
sucrose but not lactose, eosin methylene blue agar with lactose only was employed 
to facilitate colony identification. 

With most of the species for which nutrient agar was used, differentiation of 
colonies of the test organisms from those of A. aerogems 29 occasioned no par- 
ticular difficulty. It was found that the use of transmitted as well as reflected 
light was of value, particularly with B. subiilis Koch-Novy and P. fiuorescens. 
The former produced a smooth variant type distinguished from Aerobacter 
colonies mainly by its flatter appearance and greater opacity. 

Unless well isolated, S. aureus colonies were considerably smaller than those 
of Aerobacter. Since pigment production was too slow to be of value, gram 
stains of questionable colonies were made. A similar procedure was used for 
B. polymyxa, which was invariably gram-positive. 

W. catarrhalis colonies were rather difficult to distinguish from those of A. 
aerogenes 29, especially since the latter regularly produced a rather bluish variant 
type less opaque than the usual colony. Furthermore, more than one type of 
Neisseria colonies was produced, with varying opacity. It was found that 
holding the plates at aliout arm’s length between the observer’s eye and a 
ceiling source of light allowed ready differentiation, however. Painstaking tests 
of colonies in phenol red glucose broth were confirmatory. 

The general method used for semiquantitative determination of antagonism 
was similar to that of Ivanovics (1931), except that pure culture controls were 
included and the observations continued for a much longer period. Fulton 
(1937) has emphasized the importance of pure culture controls and has also cited 
Topley and Fielden’s 1922 finding that certain organisms which could not be 
isolated from a young mixed culture might later become the predominant t 3 q)e. 

A standardized loopful from a well-shaken 24-hour nutrient broth culture of 
the test species in question was inoculated into a tube containing about 4 ml of 
nutrient broth along with a similar inoculum from a like culture of the Aerobacter 
strain (or a dilution therefrom) . After agitation, a carefully standardized loopful 
(or more) of the mixture was distributed over the surface of a differential agar 
■ plate by means of a glass elbow rod. After appropriate incubation, which varied 
somewhat with the medium and the test organism (usually 14 to 24 hours), the 
initial control ratio of colonies of test species to Aerobacter colonies was de- 
termined. Even though Fulton (1937) failed to confirm the contentions of 
Etinger-Tulcynska (1932, 1934) and Neufeld and Kuhn (1934) that antagomstic 
action is dependent on the relative initial numbers of two given organise^, all 
tubes giving initial control ratios of > 3:1 or < 1:3 were discarded, and in the 
great majority of cases the limits established were 2:1 and 1:2. Ordinarily 
100 to 400 colonies or more were counted in deter mini ng these ratios. 

After incubation of the mixed cultures for the intervals listed in table 1, each 
tube was thoroughly agitated and a loopful transferred to about 4 ml of sterile 



472 


E. STATEN 'WTNNE 


[vol.d3 





d 




CO 








0 

0 


0 

0 



0 






Cl 








CO 

uo 


*H 

CO 



Cl 



&> 






1 



1 



CO 



Cl 

CN 



tH 

1 























0 

0 





CO 














s 


1-4 

w 



t — 1 

0 

rH 


0 


Cl 


rH 

fH 






tH 




1 

tH 

0 

1 

rH 

J 

tH 

J 

0 

1 

f-H 

0 

1 

rH 

(A (A 

J 

no 

Cl 

4 * 




0 

0 

0 

» 

0 


d 











■ 

PI 


■ 

fS 

0 



0 















N 

w\ 


CO 



43 



(U 






1 

1 

1 

1 

■H 

■1 


i 

11 

b 

Cl 



r-i 

1 

0 

r 4 





lO 

0 



0 

0 







0 







I 




CO 

CD 


0 

CO 

7 

7 7 

tH 

CO 

0 


tH 




7 



lO 

0 




0 

fH 

f-t 


ci tH 

CO 


iH 

0 

fH 

0 

0 

0 

tH 

0 


d 



10 









0 

r> 


8 

0 



0 















0 (> 

0 


CO 



fH 



Pi 









1 

1 I 


Cl 



Cl 

'« 4 < 



01 
























0 

0 








0 



■ 





* 

0 






*« 




00 

0 



10 








0 



d 




»H 


t 

rH 

CD 


00 


Cl 

BljM 

H 





7 





0 

0 




0 

ft 

fw 

f# 


^9 




H 


0 

0 

fH 

0 


d 



0 




lO 





r> 

0 


0 

0 








iO 









0 

43 


uo 

0 


1 

1 

1 

(9 

PU 













l>* 


Cl 

Cl 










0 




0 







■ 


0 








0 

Cl 

10 


lO 

0 









, 0 


7 




*-H 


10 

»“i 

T 


7 


Cl 






i 3 

7 

* CO 




Pd 

Cl 

0 

rH 



0 



tH 








?H 

0 

tH 

0 


d 



to 


0 


0 

0 





■ 



r> 







1 

1 

rH 





0 








CO 


1 

1 

1 

e* 

PW 








0 

1 

1 1 

1 



1 


Cl 





a 






















00 





0 








■ 

■ 

■1 

■ 










0 

Cl 



10 





m 


wl 



0 


Cjl 



<9 



CO 




7 

fH 

(N 





n 

B9 

rH 

CO 




Pd 


0 



0 

0 

4, 


M 




ii 

161 

161 

SI 

tH 

0 

fH 

0 


, 



0 

t-H 

0 

0 

U 9 

0 



^mm 



rsi 



0 

0 


Q 


u 


r^ 

Cl 


r^ 


Cl 

0 






0 



c» 

CO 





1 
















fH 

tH 

1 


a 

(m 










1 1 






1 




H 

c5 

.2 

Cjl 


8 




0 

0 


7 



7 

1-4 

1 

9 




7 



Pd 


0 


0 

0 

0 



2< 




0 

fil 

B3i 


0 

4< 

0 . 

*4 
























'1’ 




















H 5 9 

rH 


'1’ 


7 


Cl 

rH 

7 7 


7 

7 

tH 

tH 

fH 

rH 

fH 



5 S H 

rl. 

oil 

t*H 

rH 

fit 


f^ 

fH 

fH 

J* 

C^l 

iH 

tH 


fil 

Cl 


4l 

A 

rH 


cS 

2 •< 

C = 

5 ° 


•^3 'tJ T 3 

ISoSSgo^l 

rH rH ^ T 3 ^53 

P Dp 


^ '^3 
O O) 


n 3 

C 

D D 


^73 T 3 
o o o 

-•-* -w ^ 

3 } 3 :3 : 


t 3 t 3 
0 ^ 

d 3 


^ ^ ^ i-l< ^ ^ 

3 3 3 3 3 

D D D D D 


o 

f-H 

I 


S 3 3 


i-l "O 

d 

P 


+ 

6 . 
. M H 

« n « « 

s < <? <i <j <j <i S S H 


+ 

q 

q « 

. pq g _ n « 

"«5 H ^ 1 ^ 1 ^ 

12 ; pq Iz; H H 


'V 

a 

P 


+ 

d . 

CQ P 


D D 


«f5- . 

D D ^ 

»<3 ic5 < 

D 

2S«< 

w w 12; 

W 



S‘s 

« a 


03 r: 

H 5 


Cl 
CO *0 


O 

O <J 

;=i 5 ?> 


s 

^ .2 


^:3 

o 2 i 


*c 


D S; H ~ 


2 5 !i ' 1 - :? 


- H - 5 ? V J 2 . 


O 

3 *3 


.Ca 3 3 3 

^ *u S u 
^ 330 ^ - 

C5 2; 2; 2:3 cq 


-S 5 

3 33 


.3 ^ 

n 03 
« 3 


i G g O 

3 
3 


Jr 2 


3 ^ ^ ~ 


3 o 

'33005 *3 

— '*•*'•3 03^ 35=i?523»Cii33D^ IT 

33-003 «03333w-3 "3 ^ ^ 

•«.> "t-- (N r\ »3 -3 -3 ry^ rr^ C/5 ^ 


3 

!a. 




O 


jC ^ CO CQ CO CO 


^.£»D 


CO CO 


0 u 
3 3 
a s 
3 3 

d d 
9 9 
a 9 
3 0 


11 
3 i 
s a 


0 5 
0 ; 
9 a 
9 : 


'if ^ t 

!: ? 
r. ‘j 
.i A 

5-54 I 

4 i : ‘ 


“ill : 

t! - i - ' 

2)5:;; 
'* 



1947] 


ANTAGONISM BY AEROBACTER STRAINS 


473 


0.85 per cent NaCl solution. Following agitation, an amount suflScient to give 
approximately 200 to 300 colonies was streaked on appropriate agar plates, and 
the ratio of colonies of the test species to Aerobacter colonies was again determined. 

It should be emphasized that the ratios in table 1 are rough approximations 
arrived at by taking the arithmetical averages of ratios of separate experiments, 
e-xcept for median ratios in three instances where extreme variation made average 
ratios give distorted values. For example, in 13 out of 16 experiments no S. 
marcesceiis colonies appeared on plates streaked from 14-day-old mixtures, while 
the remaining three trials gave ratios of 1:3, 1:5, and 1:40. The average ratio 
of 1:25 obviously does not represent the typical behavior, which is more accu- 
rately given by the median ratio of 0. No attempt was made to establish cases 
of very slight antagonism such as Fulton’s finding that S. scliottmuelleri produced 
only about two-thirds as many “cell hours’’ in the presence of E. coli as was theo- 
retically expected from pure culture controls. Ratios showing no more than 
threefold decreases from the initial control ratios were regarded as of no signif- 
icance, and larger decreases were not interpreted as indicative of antagonistic 
action unless repeated pure culture controls of the test species clearly indicated 
such to be the case. 

The pure culture controls were subjected to exactly the same ti'eatment as the 
mixtures, but were run only on organisms apparently inhibited and were examined 
only at the intervals deemed necessary to establish the presence or absence of 
antagonism. Their function is best explained by examples. Colonies of S. 
paradysenteriae (Hiss) never appeared on plates streaked from mixtures; i.e., all 
test ratios were 0. Since pure culture controls showed an average of 125 colonies 
at 24 hours’ incubation, marked inhibition was clearly evident. On the other 
hand, B. mycoides gave ratios of 0 at 24 hours, and 1 : 120 at 48 hours and 72 
hours. Assuming a total of roughly 250 colonies per plate, an average of only 
two colonies of B. mycoides appeared at the last two intervals. Nevertheless, 
antagonism was not present, since the corresponding pure culture controls 
averaged only one colony. Furthermore, the mixtures yielded a 1 : 9 ratio at 14 
days, or about 25 B. mycoides colonies per plate, while the pure culture controls 
averaged 23. 

It is important in this connection to note Fulton’s observation that the total 
growth in “cell hours’’ of S. scliottmuelleri and E. coli in mixed cultures was 53 
per cent of their total combined growth in pure culture controls. It nould 
follow, in the absence of antagonism, that a pure culture control of a given species 
with a growth rate comparable to Aerobacter strams should yield approximately 
tvice as many test colonies as a mixture. It is doubtful, however, on theoretical 
grounds of space limitations and maximum cell concentrations, that such 
discrepancies hold for species such as B. mycoides with growth rates appreciably 
slower than those of the Aerobacter strains. Ample experimental confirmation 

has been obtained for both conclusions. 

By comparison of the data for pure culture controls with those for mixtur^ 
given in table 1, the 21 test species may be divided into four groups on the basis 
of the antagonistic action exerted toward them by A. aerogenes 29, viz.. 
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Group 1. Organisms so markedly mHbited that their colonies never appeared 
on plates streaked from incubated mixed cultures, "with pure culture contrcis 
indicating that an appreciable number of colonies should have appeared in tte 
absence of antagonism. Included areS. polymyxa, B. anthracis, S. paradysenkn '^ 
(Hiss), and S. aureus. 

Group 2. Species whose colonies appeared on plates streaked from young muid 
cultures, but which were not detectable or were barely detectable after a variable 
incubation priod. Pure culture controls showed no corresponding disappearance 
of or marked decrease in colonies. Included are B. typhosa, S. paratyphi, S. 
paradysenteriae (Flexner), S. sonnei, and S. marcescens. 

Group 3. Organisms against which A. aerogenes 29 exerted a definite but tempo- 
rary antagonistic action. With B. cereus, B. viycoides 24-V, and B. suhtHii 
Koch-Novy this effect was manifested initially, but it did not become well defunJ 
in case of S. enteritidis and S. schottmuelleri until about 96 hours. Pure cultum 
controls in each case demonstrated the reality of antagonism. 

Group 4- Organisms not appreciably affected by the Aerohacter strain, insofar 
as could be determined by means of the method employed. Included are .!. 
faecalis, B. mycoides, E. coU, N. catarrhalis, P. vulgaris, P. Jluorescens, and S. 
aerirycke. 

In table 2 are presented the results of testing seven strains of A. aerogenes and 
one strain of A. cloacae against E. coli, S. aureus, and S. paratyphi. The sources 
of the organisms have been given above. It is evident that some strain differ- 
ences were exhibited, but the same general pattern of antagonism occurred mt!i 
all Aerohacter organisms. None had appreciable effect against E. coli, but all 
exerted a marked action against S. aureus. After an initial inhibition, i- 
paratyphi effected a relative increase with all Aerohacter strains except A. doaca 
to reach a ma.ximum ratio at 48 to 96 hours’ incubation, after which it disappcarc 


from streaked plates. 

The question naturally arises as to whether complete destruction occurred la 
cells of the species in group 1, toward which the antagonistic effect of A. aerogir.^‘^ 
29 was most pronounced. Fourteen-day-old mixed cultures of B. anthracis an 
B. polymyxa with the Aerohacter strain were heated at 60 C for 1 hour o 
kill vegetative cells; inoculation of 0.1 ml to nutrient broth followed. 
occurred on incubation and each culture was identified by cellular morpno 


and colonial characteristics on nutrient agar as a pure culture of the test 
It may be concluded that either resistant spores w-ere introduced in the 
for these two species, or else they were formed in the presence of A. aerogenes 
For nonsporulating organisms evidence was less conclusive. Smears o* ^ 
day- mi.\tures of S. aureus and the Aerohacter strain revealed no cells of the o • 
but in such old cultures staphylococci would very probably be gram-negative -' 
quite difficult to distinguish from the coccoid Aerohacter cells. Furt lenr.- 
mere absence of cells of the antagonized species in smears cannot be inttrpr'- 


as signifying their complete destruction. . ... r.; 

Since no feasible experimental method suggested itself for testing t P ^ 
with S. paradysenteriae (Hiss), the remaining organism in group b * 
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vestigated with E. typhosa. By use of the bismuth sulfite medium of Wilson 
and Blau*! c^uantitative estunations of this organism could be made fairly accu- 
rately in the presence of A. aerogenes 29, the large black Ehertliella colonies with 
brownish halo being easily distinguished from the few smaller black colonies 
which the Aerobacter strain was able to produce on this selective medium. The 
accuracy of this differentiation was tested by the following procedure: 24-hour 
pure cultures of E. typhosa showed an average of 165,000,000 cells per ml by 

TABLE 2 

Rdative antagonistic powers of Aerobacter straijis 


XATIO O? TEST COLONIES TO AESO- 
BACTEE COLOmES 


TEST SPECIES 

AEEOBACTER 

STREAEmc 

DllUTIOM 







S 




BACTEE 


09 

5 

e 

s 

2 

3 

3 

O 






o 

‘3 ^ 


,J3 

.c: 


o 








5 


A 

2 


Staphj/locouut aureua 

A. aerojjenes 29 

Nutrient agar 

Undiluted 

1-1 

0 

0 

a 

0 

0 



A, aercgenca L 

Nutrient agar 

Undiluted 

I-I 

m 

— 

— 

— 

— 

9 


A. aerogenee, 1 

Nutrient agar 

Undiluted 

1-1 

1-70 

mm. 

0 


— 

9 


A. aerogenea, 2 

Nutrient agar 

Undiluted 

1-1 


n 

— 


— 

9 


A. aerogenes, 3 

Nutrient agar 

Undiluted 

I-l 

0 

— 

— 

— 

— 

9 


A. aerogenes, 4 

Nutrient agar 

Undiluted 

1-1 

eg 

0 

— 

— 

— 

9 


A. aerogenes, 5 

Nutrient agar 

Undiluted 

11 

bE 

0 

— 

— 

— 



A. doacae 

Nutrient agar 

Undiluted 

II 

0 

— 

— 

— 

— 

9 

SalmoniUa j)CT<Ui/phi 

A. aerogenes 29 

E.M.B. 

1-10 

2-1 

m 

1-12 


0 

0 

0 


A. aerogenes L 

E.M.B. 

\-i 

1-1 

1-16 

1-8 


IBlil 


0 


A, aerogenes, 1 

E.M.B. 

1-10 

3-1 

1-13 



1-25 


0 


A. aerogenes, 2 

B.M.B. 

1-10 

2-1 


IBM 

■gi! 

reign 

reQ 

0 


A. aerogenes, 3 

E.M.B. 

1-10 

3-1 

BBii 

1-25 

1-12 

I-IO 

1-20 

0 


A. aerogenes, 4 

E.M.B. 

1-10 

3-1 

1-15 

1-12 

1-30 

leTil 

1-25 

0 


A. aerogenes, 5 


1-4 

1-1 

1-25 


1-13 

M5 

feni| 

0 


A. doacae 

E.M.B. 

1-10 

5-1 



0 

0 



Escherichia eoli 

A. aerogenes 29 

E.M.B.S.O. 

Undiluted 

I-I 

1-2 

1-2 

1-2 

1-2 

1-3 

J9 


A. aerogenes L 

E.M.B. 

Undiluted 

1-1 

1-1 

1-2 

1-2 

1-2 

1-2 

5B 


A. aerogenes, 1 

E.M.B. 

Undiluted 

I-l 

1-1 

1-1 

1-2 

1-1 

1-1 

51 


A. aerogenes, 2 

E.M.B. 

Undiluted 

l-I 

2-3 

1-2 

1-2 

1-2 

1-3 

^9 


A. aerogenes, 3 

E.M.B. 

Undiluted 

1-1 

1-1 

1-3 

1-2 

1-1 

1-1 

1-1 


A. aerogenes, 4 

E.M.B.S.O. 

Undiluted 

1-1 

1-2 

1-3 

1-3 

1-3 

1-5 

1-2 


A, aerogenes, 5 

E.M.B. 

Undiluted 

1-1 

1-1 

1-2 

1-3 

1-3 

1-5 

1-2 


A. doacae 

E.M.B.S.O. 

Undiluted 

1-2 

1-3 

1-3 

1-3 

1-3 

i-i 

1-3 


E.M.B. = eosin methylene blue agar. 

E.M.B.S.O. = eosin methylene blue agar with sucrose only. 
- = not run. 


plate coimts in bismuth sulfite medium, whereas mixtures wdth the Aerobacter 
strain yielded 40,000,000 or roughly one-fourth as many Eberthella cells. As 
shown in table 1, an average ratio of 1 : 8 exists between the two species in 24-hour 
niixtures, which should theoretically mean about 320,000,000 Aerobacter cells 
per ml — if the 40,000,000 per ml figure for E. typhosa is valid. Initial control 
ratios in table 1 reveal that A. aerogenes 29 produces approximately twice as 
many cells as E. typhosa in 24 hours, and 320.000,000 is roughly twice 165,000,000. 

Bourteen-day old pure cultures of E. typhosa gave a count of 64,000,000 per 
ml in bismuth sulfite, or about 40 per cent of the 24-hour count. If the same 
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normal decrease in numbers be assumed for the mbced cultures, 40 per cent c; 
40,000,000 or about 15,000,000 Eberthella cells per ml, should have been preit:* 
at 14 days in mixtures in the absence of antagonism. As 230,000 per ml 
actually found, it may be assumed that roughly 64 out of 65 of the theoretic^ 
number were killed. Unfortunately, the antagonistic action toward E. lyph-i 
was only moderate, so that these findings may not be interpreted to indicate 
that none of the nonsporulating bacteria affected by Aerobacter strains suite: 
complete destruction. 

Filtrates of cultures of A. aerogenes 29 appeared completely devoid of a.".- 
tagonistic activity. Seventy-two-hour cultures were filtered through a BerkefdJ 
W candle and the filtrate was added to triple strength nutrient broth in the 
ratio 2:1 so as to give a final concentration of nutrients at least equal to the 
usual broth. After incubation for sterility testing, inoculations were made of B, 
anthracis, B. polymyxa, S. paradysenteriae (Hiss), and S. aureus. In all caas 
growth was obtained which grossly equaled that in nutrient broth control-. 
Uninoculated controls were invariably sterile. Both 3- and 14-day-old cultuai 
of the Aerobacter strain filtered through Seitz filters showed precisely thesarae 
results. 

Experiments on the occurrence of antagonism in solid media gave resulti 
entirely compatible with the failure to demonstrate a filterable antibiotic "sut 
stance.” Nutrient agar plates hea'vily seeded with B. anthracis, S. paradyiHi 
teriae (Hiss), and S. aureus were massively streaked down the center with .1 
aerogenes 29. On incubation none of the organisms showed visible evidence c 
antagonism, though it could have occurred in a very narrow zone at the surfac 
where the Aerobacter growth appeared without being detectable. That thu 
highly probably was shown by the ease of demonstrating antagonism wh 


living Aerobacter cells were in close proximity to all cells of the test specii.: 
Thirty-hour and 18-day broth cultures of A. aerogenes 29 were solidified 'vithi. 
equal quantity of a cooled solution of double strength nutrient agar, and pbft 
prepared in this manner were streaked hea'vily down the center with B. 

B. polymyxa, S. paradysenteriae (Hiss), and S. aureus. At 4 days’ incubatio- 
the last three species showed no ■visible growth, but B. anthracis produced a zc- 
of growth about half as wide as that on control nutrient agar plates. Repetit-- 
of this e.xperiment wdth 18-day broth cultures of A. aerogenes 29 heated to ^ 
and 80 C for 1 hour showed no real evidence of antagonism, though thegro ’ - 
of the two Bacillus species was slightly less than on nutrient agar controls. 

The extreme variability of S. marcescens noted above, as well as the temp'J^' 
inhibition of the organisms of group 3, might be explained if resistant for^ <^'^-; ' 
be shown to develop from these species. Strains of B. cereus, B. suMib^ 
Novy', and S. enteritidis were obtained by picking colonies developing on p- 
streaked from mixtures with A. aerogenes 29 after the initial inhibition j 
and delayed growth had occurred. One strain of S. marcescens o 
from a colony appearing on a plate streaked from a I'i-day mixed cu ■. 
had shown no Serratia colonies at 120 hours, and a second strain from , 
appearing on agar prepared by solidifying a 24-hour broth culture of A. 
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29 with 3 per cent agar-agar and streaked with the test species. Comparison 
of these strains with the parent cultures showed no appreciable increase in 
resistance, however. 

A. aerogenes 29 produces a bluish, translucent, rather flat variant colony which 
has not been observed to revert to the usual type. Since this variant appears 
in varying numbers in broth cultures, any lesser degree of antagonism exhibited 
by it might have a bearing on the delayed growth of species in group 3. Com- 
parison of the antagonistic effects exerted by this stable variant and those of the 
parent culture against B. cereus, S. enteriiidis, and/?, aureus showed no appreciable 
differences. Against B. mycoides 24-V and B. subtilis Koch-Novy the variant 
exhibited a definitely greater effect, in fact. 

DISCUSSION 

Though the exact mechanism of the antagonistic action of Aerdbacter strains is 
unknown, it is possible that it may involve some direct action of living cells. It 
is interesting in this connection to note the reports of Gundel and Kliewe (1932) 
and Isabolinski and Sobolewa (1934) that only living cells of E. coli were antago- 
nistic to B. anlhracis. Stickelbroch (1929) also claimed that the antagonistic 
effect of E. coli toward dysentery organisms was destroyed by heating to 60 C. 

The findings here reported may have a bearing on the numerous observations 
by many workers of the disappearance of one species of bacteria in association 
with another in cases where a definite antibiotic substance could not be demon- 
strated. Neufeld and Kuhn (1934) have used the term “direct antagonism” 
to describe such phenomena. 
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SUMMARY 

A single strain ol Aerdbacter aerogenes 29 was tested against21 common species 
of bacteria and found antagonistic in varying degrees toward 14 of them. 

Comparison of 8 Aerobacter strains against 3 test species showed only minor 
differences in antagonistic effects. 

Whether or not complete destruction of the cells of the most strongly affected 
nonsporulating species occurred is uncertain. The sporefoiming species most 
strongly affected either produced resistant spores in the presence of A. aerogenes 
29, or these were present in the inocula. 

Filtrates of Aerobacter cultures did not exhibit antagonism. 

Heating to 60 C for 1 hour destroyed the antagonistic effect of A. aerogenes 29. 

Attempts to demonstrate resistant forms of species only temporarily affected 
were unsuccessful. 

A common stable variant of A. aerogenes 29 was found not to vaiy appreciably 
from the parent culture in its antagonistic effects. 
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The mechanism of the antagonistic action of Aerobacler strains is unknown t:’. 
may involve some direct action of living cells. 
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A RAPID IVIETHOD FOR THE STAINING OF 
RICICETTSIA ORIENTALIS' 

FRED H. DIERCKS and ROBERT 0. TIBBS 
Naval Medical Research Inslilule, National Naval Medical Center, Bethesda, Maryland 
Received for publication January 17, 1947 

The use of Giemsa’s, Castaneda’s, and Jenner’s stains for the identification of 
Rickettsia orientalis in the tissues of experimentally infected laboratory animflls 
has been described in a previous report (McLimans, Grant, and Gersh, 1944). 
It was found that Giemsa’s stain was not entirely satisfactory for the staining of 
R. orientalis grown in the yolk sac tissues of the hen’s egg. The long staining 
time required did not facilitate the production of large quantities of high-titered 
yolk sac material for use in chemotherapeutic studies (McLimans and Grant, 
1945). In the absence of literature on the eflicacy of the commercially available 
stains for the identification of the organism, exploratory investigations were 
done in an effort to improve the staining procedure and reduce the inconsistencies 
that had been encountered with the use of Giemsa’s stain. 

Appro.ximately 100 slides were prepared from a Waring “blendor” ground 
yolk sac culture of the Karp strain of R. orientalis representing the fourteenth 
passage through hens’ eggs. Stained with Giemsa’s stain, sample smears were 
shown to contain 100 to 200 organisms per field. The slides were fixed in absolute 
methyl alcohol and stored for subsequent staining. A screening process for 
approximately 30 dyes and stains was carried out by preparing aqueous and 
alcoholic solutions of the stains and immersing the prepared slides inthesolutions 
for 15 minutes. The slides were examined under the oil-immersion lens using a 
blue, ground-glass filter. Each preparation was graded for the following charac- 
teristics: (1) selectivity of the stain for the organism; (2) differentiation of the 
organism from the surrounding yolk sac tissue; (3) intensity of the staining 
reaction; (4) stability of the staining solution; and (5) distinguishing charac- 
teristics of the stain that enhanced or detracted from its usefulness. 

It soon became apparent that methylene blue and its derivatives or com- 
binations were the most useful stains. On the suggestion of Lt. F. Frisbee, 
H(W), XJSNR, and through the courtesy of Dr. Ward J. MacNeal, a sample of 
the tetrachrome stain (MacNeal, 1922) was obtained. The initial stains proved 
satisfactory for the identification of the organism. Repeated observations and 
modifications made it possible to devise a staining techmque which is simple, 
rapid, and reliable. 

DESCRIPTION OF THE TECHNIQUE AND RESULTS 

The staining procedure is carried out in Coplin jars. A stock solution of the 
tetrachrome stain is prepared according to the directions of the manufacturer. 

’ The opinions or conclusions contained in this report are those of the authors. The> 
are not to be construed as necessarily reflecting the views or the endorsement of the Xa\ j 

Department. 
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The working solution is unbuffered; the optimum pH is 6.5 to 7.0. The li;- 
rections for staining are as follows: (1) Prepare smears from infected yolk .-ici 
in the usual manner and allow to air-dry. (2) FLx and kill the preparatiors h 
absolute methyl alcohol for 3 to 5 minutes. (3) Prepare the working solutioacf 
the stain by adding 4 to 5 ml of the stock solution to 75 ml of distilled water. (Ij 
Remove the slides from the Rvative and place immediately in the slam with 
gentle agitation. Stain for 15 to 20 minutes. (5) Clear the preparatioas hr 
dipping into absolute acetone imtil the stain no longer dissolves from thesmca:. 
(6) Blot dry and examine under the oil-immersion lens using a blue, grouai' 
glass filter. 

Slides prepared in this manner show consistent and uniform staining. The 
color is retained without fading for at least 12 months. The background cf the 
shde is a pinkish hue; the rickettsiae are stained a characteristic dull b!:;; 
erythrocytes and leucocytes are differentially stained. Bacterial contaminsrh 
are readily identified by their intense blue color and relatively large size. 

CONCLUSIONS 

The advantages of the tetrachrome technique for the staining of Richtt:-^ 
orientalis in yolk sac smears are as follows: (1) The stain is readily avaiht.i 
either in powder or liquid form from commerical companies and remains sbl..' 
over a long period of time. (2) The fixing procedure reduces to a minimum tl-s 
chance for accidental infection from the slides. (3) The short staining tia; 
enables the laboratoiy to accommodate appro.ximately three times as many d:'..: 
daily as could be handed using Giemsa’s stain. (4) The simplicity and reliabil;'.; 
of the procedure makes it possible for inexperienced personnel to obtam p-** 
results mth the staining of yolk sac cultures of R. orientalis. There are dL---- 
vantages in the tetrachrome technique: (1) The stain is not so intense as Gicmii^ 
and does not lend itself to morphological studies or photomicrographs. (2) il- 
technique does not produce consistent results in the staining of R- on£^ 
in animal tissues such as spleen and liver smears from mice and guinea p:5-'' 
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OBSERVATIONS ON THE IN VIVO AND IN VITRO DEVELOPiMENT 
OF BACTERIAL RESISTANCE TO STREPTOMYCIN 

C. W. PRICE, W. A. RANDALL, V. L. CHANDLER, and R. J. REEDY 
Food and Drug Adminislralion, Washington, D. C. 

Received for publication January 23, 1947 

The problem of acquired resistance of microorganisms is of importance in the 
clinical use of the sulfonamides, but present knowledge indicates it is of lesser 
importance with penicillin therapy. Early work (Waksman et al., 1945) with 
streptomycin indicated that it might prove even more unfavorable than the 
sulfonamides in this respect, and recent work has confirmed these early indica- 
tions. Persistence of infection after streptomycin therapy has been reported 
by Herrell and Nichols (1945) and Reimann et al. (1945). Buggs and coworkers 
(1946) noted the appearance of resistant strains after streptomycin therapy, and 
Miller and Bohnhoff (1946) have produced rapidly increasing resistance in 
vitro by culturing organisms on agar containing streptomycin. The latter au- 
thors showed that repeated subcultivation on agar containing streptomycin in- 
duced resistance of both gonococci and meningococci so rapidly that only 4 to 6 
daily transfers to a medium containing streptomycin were necessary to permit 
abundant growth in the presence of 75,00 micrograms of streptomycin per ml. In 
vivo experiments confirmed the invitro resistance, since the streptomycin-resistant 
strains of meningococci could not be controlled by the largest doses of streptomycin 
tolerated by animals. Finland et al. (1946) has recently reported that gram- 
negative organisms causing urinary tract infections develop a high degree of 
resistance to streptomycin during treatment. In a series of 12 cases of infection 
with various gram-negative organisms treated with streptomycin, 8 failed to show 
any beneficial effects. Five of these organisms on isolation were found to have 
acquired more than a 4,000-fold resistance to the drug following a 48-hour 
treatment schedule. 

In an experiment designed to increase the in vitro resistance of a variety of 
organisms to streptomycin and streptothricin, it was found that some developed 
resistance rapidly, while others were not materially changed in their sensitivity 
to these drugs. Fourteen organisms from a stock culture collection were 
subjected to various amounts of the two antibiotics in broth. ^ The organisms 
studied included gram-negative and gram-positive rods and cocci. The following 
method was utilized for increasing the resistance of the organisms under te^. 

Each organism was subcultured from a nutrient agar slant to standard metho ^ s 
broth, pH 7.8, and incubated overnight. With stock solutions of streptomycin 
and streptothricin, which were prepared by dduting weighed aliquots of these 
drugs in sterile 1 per cent phosphate buffer (pH 6.0), twofold serial dilutions o 
each antibiotic were prepared daily. The dilution series usually consis e o 
ten 100 X 13 mm test tubes, each containing 0.5 ml of the antibiotic ^ution. 
To each tube was added 1.5 ml of a 1: 100 dilution in broth of the 18- to M^hour 
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broth culture prepared above, and all tubes were incubated in a water bath at 
37 C for 24 hours. The last tube showing inhibition of the organism in the 
dilution series indicated the initial sensitivity of the strain in micrograms d 
the antibiotic. 

These initial sensitivities are given in tables 1 and 2. To increase the resistance 
of the strain to the particular ' antibiotic, the procedure described above 
repeated, utilizing the second tube showing growth in the dilution series for 
preparing the 1 : 100 broth inoculum. Thus 0.25 ml of the mixture of the anti- 
biotic and organisms in the second tube showing growth were added to 21.75 
ml of standard methods broth (pH 7.8) and mixed, and 1.5 ml of the resultin,' 


TABLE 1 

Induced resistance to streptomycin 


OSGAKISU 

SENSITIVITY fiO/m. 

NmiDEK 

TRAK5TESS 

LSCltAiX W 


Original* 

Final* 1 


E. typhosa 

0.18 

>2,500 

>2,500 

3 

12 

>1,W 

E. typhosa 

0.011 

14 

>220,0.0 

E. coli 

0.007 

16 

E. coli 

0.37 

>12 

3 

>32 

E. coli 

0.007 

0.7 

S 

100 

iS. pullorum 

0.75 

>250 


>3.« 

S. marcescens 

0.15 

>12 

4 

>8) 

K. pneumonia 

0.015 

>50 

11 

>3,M 

S. faecalis 

1.5 

>2,500 

0.37 

8 

>1,00) 

B. sublilis 

0.011 

9 

,1) 

B, circiilaus 

0.007 

1.5 

7 

211 

B. mycoides | 

0.03 

1.5 

10 

i/1 

S. aureus 

0.03 

2,500 

>250 

11 

S3,3i.O 

S. aureus 

1 

0.15 

1 

3 

>I,Ct/J 


* Smallest amount necessary to inhibit growth. 


suspension were added to each tube of a freshly prepared dilution series of tt- 
antibiotic under test. Successive transfers were not always performed on i'-. 
cessive days. 

.:\lthough all 14 organisms are relatively streptomycin-sensitive, there ' 
marked variation between organisms in their original sensitivity to strcptom}‘‘ 
(table 1) ranging from 0.007 pg per mi for Escherichia coli and Bacillus , 
to 1.5 pg per ml for Streptococcus faecalis, a 200-fold difference. Where 
strains of the same species were tested, marked differences in sensitiv U} ■■ ^ 
also noted. For the two strains of Eberthella typhosa there was an 18- , 

ference; for E. coli, a 53-fold difference, and for Staphylococcus aureus a o 
difference”. One strain of S. aureus became resistant quite rapidl>, mrf-- , 
only three transfers for an increased resistance of more than a l,000-ml_ . -- ^ 
the strains of E. typhosa e.xhibited a fairly rapid and extremely high inca--^ 
resistance; 14 transfers resulted in an increased resistance of 22G,000-io ( - 
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appeared to be no uniform pattern in the increase of resistance of the strains 
studied. An extended interval between successive transfers sometimes resulted 
in a loss of resistance and at other times effected an increased resistance. A 
sudden increase followed by a loss also was observed on successive days. 

The induced resistance of the 14 organisms to streptothricin is given in table 
2. When the sensitivities of the original cultures (column 1) are compared with 
the final sensitivities, it will be noted that there is a tremendous variation in 
response between the different species and strains to streptothricin. The range 
in concentrations of this antibiotic which caused inhibition of the original cultures 
of the organisms was somewhat greater than that demonstrated with strepto- 


T.4BLE 2 

Induced resistance to slreplothricin 


ORGAK1S21 

SENSrnVITV ;tG/iEL 

KUUSE2 

TZAKSJE2S 

lycazASE DJ 
2ZSISTAh*CE 

Ori^nal* 

Final* 

E. typhosa 

0.022 

1.5 

22 

68 

E. typhosa 

0.006 

50 

11 

8,333 

E. coli 

0.0015 

0.37 

9 

246 

E. coli 

0.15 

0.37 

3 

2 

E. coli 

0.007 

0.7 

4 

100 

8. pulloTum 

0.045 

0.7 

S 

15 

8. marcescens 

0.15 

50 

13 

333 

K. pneumonia 

0.007 

12.5 

9 

1,800 

8. faecalis 

1.5 

12.5 

13 

8 

B. subtilis 

0.006 

12 

10 

2,000 

B. circulans 

0.015 

12 

8 

SCO 

B. mycoides 

1.5 

250 

14 

166 

8. aureus 

0.03 

250 

14 

8,333 

8. aureus 

0.03 

12 

3 

400 


* Smallest amount necessary to inhibit growth. 


mycin (0.0015 pig per ml for a strain of E. coli to 1.5 pig per ml for S. faecalis, 
a difference of 1,000-fold). Contrary to the results obtained with streptomycin, 
it was observed that a number of these organisms acquired a high degree of re- 
sistance to streptothricin, which subsequently was lost, and this high degree of 
resistance was not obtained subsequently on successive transfers. 

In general, resistance to streptomycin was more readily acquired than re- 
sistance to streptothricin, and in most cases to a far greater degree. It is of 
interest that although its resistance to streptothricin was difficult to induce, E, 
iyphosa readily acquired resistance to streptomycin. On the other hand, the 
resistance of Bacillus subtilis to streptothricin increased 2,000-fold in 10 transfers 
but only 33-fold following 9 transfers in the presence of streptomycin.^ 

Miller and Bohnhoff (1946) reported that artificially induced resistance to 
streptomycin did not alter the morphological appearance of the organisms 
studied by them, in contrast to the marked changes in shape and physical be- 
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havior caused by penicillin. Contrary to their observations, some of t!;, 
organisms employed in these studies showed changes in morphology after cu!;i 
vation in broth containing streptomycin. Both strains of E. typhosa sho'.ue 
marked changes in morphology consisting of swelling, elongation of the cell, an] 
formation of filaments. Cells showing structures resembling zygospores luvo 
been seen which are similar to the structure in E. coli, described by Alture-Wcrbci 
ct al. (1945), that had been isolated from the urine of a patient receiving peni- 
cillin therapy. The bizarre forms of the organisms appeared fairly early after 
culture in broth containing streptomycin, and persisted during subsequent 
transfers. A strain of pneumococcus type 1, not included in this study, likc«U' 
showed changes in morphology consisting of swelling and elongation of the ce!! 
after successive transfere in broth containing streptomycin. It should be pointed 
out that Miller and Bohnhoff (1946) employed a solid culture medium in their 
studies. 

THE EFFECT OP .MEDIA CONSTITUENTS ON THE ACTIVITY OP STREPTOJtYCI.V 

Waksman and coavorkers (1944) early reported the detrimental effects of anac: i 
pH, glucose, sodium chloride, and phosphate on the activity of streptomyeia. 
Abraham and Duthie (1946), investigating the effect of the pH on the activity 
of streptomycin, foimd that an increase in the acidity of the medium decreaial 
the antibacterial activity of the base, streptomycin. They state that the mo:'. 
likely’ e.xplanation is that the ionized forms of the basic drug compete ivith 
hydrogen ions for position on the cell surface. Wallace and his coworkeri 
(1945) reported the effect of culture media on the mode of action of streptomyua 
and concluded that it was more difficult to inhibit bacteria on a good mcdiio 
containing streptomycin than on a poor medium. The broth employed in tkr 
present investigation of induced resistance would be classed as poor. Howc'.t'r, 
in preparing one test for these studies, an enriched broth was inadverfenih 
employed, and the resulting sensitivities differed radically from those preyiou.-i,> 
established. This medium, a highly nutritive buffered yeast beef broth, is u-iy 
routinely in the ofiBcial penicillin and streptomycin assays for potency . ■ 
differs from the standard methods broth (in containing glucose, sodiumchluriy-. 
phosphate, and yeast extract, and in pH). It was decided, therefore, to e.v.r.:^ 
all possible combinations of the constituents of this medium at two pH levels 
11 organisms, on the premise that the difference in sensitivities obsenul “ 
the two media might be e-xplained either by the effect of some constituent er..' 
differences in hydrogen ion concentration. 

In preliminary tests the sensitivities of each organism were establishcu n. 
nutrient broth at pH 7.0 and compared with the original sensitivities, wliicn*- 
been obtained with the standard methods broth at pH 7.8. Eveo' orgnnL-«i 
at least 140 times more sensitive to streptomycin in the less nutntivt, y 
alkaline medium. Comparison of the sensitivities of the organisms in bot i ly 
at pH 7.0 and pH 7.8 showed that at pH 7.0 every organism tested 
sensitive to streptomycin in the less nutritive medium, with the ^ 
ranging from 33-fold for S. aureus to 312-fold for B. suhlilis and B. c.r- 
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At pH 7.8 the sensitivities in the standard methods broth varied from 30 times 
more sensitive for E. colt to 140 times for one strain of E. lyphosa. This indicated 
that the alkalinity of the medium was not the only factor affecting the activity 
of streptomycin. The presence of other ingredients in the more nutritive broth 
either inhibited the action of the drug or provided more optim um requirements 
for the growth of the organisms. The fact that a more alkaline pH enhances the 
activity of streptomycin has been observed clinically. Finland etal. (1946) 
observed that organisms responsible for urinary tract infections which became 
rapidly resistant to streptomycin therapy were isolated from urine specimens 
that were fairly acid. In some cases, preliminary alkalinization of the urine 
resulted in rapid and complete elimination of the organisms from the urine after 
streptomycin therapy was started. 

To determine which constituent or combination of constituents in the nutrient 
broth caused inhibition of the streptomycin or stimulation of the organism, 
nutrient broth was prepared at two pH levels, 7.0 and 7.8, containing every pos- 
sible combination of ingredients. All the organisms were then tested simulta- 
neously in the various broth preparations. The addition of yeast extract to a 
base broth did not materially alter the sensitivities of the organisms at either 
hydrogen ion concentration. In spite of the fact that glucose has been said 
to e.xert a detrimental effect on the activity of streptomycin, the addition of it 
to the base broth did not increase the resistance of organisms to streptomycin 
in these studies. In fact, the sensitivities of B. circulans and B. svblilis were 
increased in the presence of glucose, the former at both pH levels and the latter 
at pH 7.8. Since all of the organisms studied produce acid from glucose, the 
differences in their sensitivities in the two broths cannot be attributed to this 
constituent of the medium. The addition of yeast extract plus glucose to the 
base broth at pH 7.0 exerted a marked effect on the organisms since a high degree 
of resistance to streptomycin on the part of every organism was demonstrated. 
The addition of sodium chloride or phosphate to any combination of medium 
ingredients materially increased the resistance of 9 of the 11 organisms studied. 

To emphasize the fastidious medium requirements of streptomycin for op- 
timum activity, the organisms were studied for sensitivity to penicillin in the 
two media at both pH levels. In confirmation of earlier w’ork, it was found 
that the composition and the hydrogen ion concentration of these media are 
relatively unimportant in the testing of organisms for their sensitivity to peni- 
cillin. 

In order to make comparative studies of the sensitivities of organisms to 
streptomycin, it can be seen from this investigation that it is imperative for 
all laboratories to employ a broth of unif orm hydrogen ion concentration con- 
taining the same constituents. Furthermore it is imperative that in testing an 
organism for sensitivity to streptomycin it be tested in the same batch of broth 
in which its original sensitivity was determined. It would be well for laborato- 
ries to maintain a reference standard medium against which all subsequent 
batches of media could be tested wdth an organism of previously established 
sensitivity. Differences betiveen batches could then be calculated and a factor 



4S6 PRICE, RANDALL, CHANDLER, AND REEDY (vOi.,; 

employed to give the con-ected sensitivity. Under these conditions the n,--.;! 
of sensitivity studies from various laboratories could be interpreted on i\ ior. 
basis. 

DEVELOPMENT OF IN VIVO RESISTANCE TO STREPTOMYCI.N 

In the in vivo studies white rats were employed as the test animals, 
rats consisted of two litters, evenly divided as to sex and M'eight, and they wu? 
placed on test the day after they were weaned. All were fed on a balauccd ih! 
to which the appropriate amount of dried streptomycin sulfate was added a. 
desired. The rats were divided into three groups of four each (A, B, audl'e 
.All groups were maintained on a basal diet containmg no streptonweia f,; 
a period of 5 days, and the fecal flora was studied bacteriologically. 'leii; 
plate counts, the number of acid and gas producers (by most probable numb:-*, 

TABLE 3 


Increase in resistance oj organisms to strcplomgcin in vivo 


CROUP 

DAYS 

;iC OF STRZrTOilVClN 

PER 100 C OF DIET 

AVERAGE NO. OT UlGW.jii 
PER Q Of recti 

TO 10,000 UQ 

A 

1- 5 

None 



fr-M 

10,000 



15-20 

50,000 



21-20 

None 

1,411,000 

B 

1- 5 

None 

0 


6-11 

50,000 

950,000 


15-20 

10,000 

950,00) 


21-26 

None 

810,000 

C 

1- 5 

None 

8,900 


6-14 


168,000 


15-20 


310,00) 


21-26 


275,000 


and the number of streptomycin-resistant organisms were determiacti- 
the end of the 5-day period group A was placed on a diet containing I'l*- ' 
/ig of streptomycin per 100 g of food, group B was placed on a similar dat t-- 
taining 50,000 ag of streptomycin per 100 g of food, and the rats in ' 
Were continued on the basal diet (control group). On the fifteenth tbj 
diets of groups A and B were reversed, and on the twenty-first day , 
returned to the basal diet. Group C, which acted as a control, received n'j -- " 
but the basal diet during the entire experiment. A summation of the ' 
tions on the increasing number of resistant organisms isolated under tlu-'^^ ^ 
ditions is given in table 3. For the sake of brevity the data presented c>..- ^ 
only the highly resbtant organisms which were capable of growth oa - 
containing 10,000 ;xg of streptomycin per ml. ; • 

From an inspection of table 3 it is apparent that when rats arc fee ' .i 
containing streptomycin, there appear in a relatively short time m 
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of these animals large numbers of microoisanisms which are extremely resistant 
to this antibiotic. These organisms are mainly the fecal streptococci. It is 
also endent that the normal animal (control group) shows the presence of these 
resistant organisms, starting with the day following weaning, although they 
are in much smaller numbers. As the control animal grows older, the number 
of the resistant organisms found in the feces increases, though irregularly. 
The resistant organisms foimd in the control group were also predominantly 
fecal streptococci. Since the feces of the control group show the presence of 
streptococci resistant to streptomycin, and both groups of rats which had 
streptomycin in their diet showed markedly greater numbers of these same 
organisms in their feces, it would appear that streptomycin had the effect of 
stimulating the groudh of these resistant organisms. The demonstration of 
the stimulation of the growth of an organism (hormesis) by streptomycin was 
previously reported (Il'^elch el aL, 1946), and it was shown that certain doses of 
streptomycin increased the fatality rate of white mice injected with E. typhosa. 
The stimulation phenomenon may be of considerable importance in the treat- 
ment of diseases due to both streptomycin-sensitive and streptomycin-resistant 
organisms. Recently Finland el al. (1946), in treating a case of bronchiectasis 
in which Friedlander's bacillus was the predominating organism, found that, 
although the Friedlander bacillus disappeared from the sputum, following 
treatment with streptomycin, it was replaced bj’- a highly resistant strain of 
Hemophilus influenzae. The latter organism had a resistance of 5,000 pg per 
ml. It has also been pointed out by Keefer el al. (1946) that one of the possible 
causes of streptomycin failure is that the sensitive or susceptible organisms are 
eliminated or decreased in nmnbers, and that the nonsensitive organisms multi- 
ply and invade tissues. 


STJiEUART 

Different species of bacteria and different strains of the same species vary 
greatly in their in vitro resistance to streptomycin and streptothricin. 

Resistance of organisms to streptomycin was more readily induced than to 
streptothricin, and to a greater degree. 

Streptomycin-induced resistance of Ebertliella typhosa is accompanied by 
marked changes in morphology. 

In determining the sensitivity of microorganisms to streptomycin it is impor- 
tant to control the composition of the medium used. 

Oral administration of streptomycin to rats results in a marked increase in 
the numbers of streptomycin-resistant organisms. 
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In a series of papers, the writer (1941, 1943, 1946o) reported the results of 
■- an incomplete study of the immunologic behavior of hemolytic streptococci 
of group A. Fifty-six strains representing 20 agglutinative types were examined 
by means of passive protective tests in mice; 11 protective antiserums were 
employed, each prepared against a strain representing one of 11 agglutinative 
types.i 

Although the study is incomplete, correlations may now be discerned between 
' agglutinative type, fermentative group, and immunologic behavior. 

^ FERMENTATIVE REACTIONS 

In our collection there were 326 strains of streptococci of group A, from human 
pathologic sources, on which agglutinative type and fermentative reactions 
were determined. All strains produced acid from trehalose; none produced 
acid from sorbitol; they differed in the production of acid from lactose, salicin, 
and mannitol, as shown in table 1, in which subgroups I to IV are arranged ac- 
cording to Brown and Schaub (1944), who omitted subgroup V. 

DIFFERENTIATION OF SPECIES 

Table 2 presents data on the correlation between agglutinative types and 
fermentative subgroups. It may be noted that the characteristics of non- 
fermentation of salicin and agglutination in serum of type 10 give a clear-cut 
distinction between the strains of Streptococcus scarlatinae and the strains of 
other fermentative groups. This species was described in the fourth paper of 
this series (1937), and its pathogenic properties and geographic distribution 
Were discussed in a recent publication (1946&). It may be added that strep- 
tococci of type 10 capable of fermenting salicin (represented by 2 strains in 
table 2) have been found occasionally in this country in recent years. They 
are not predominantly associated with scarlet fever, as are the strains of typical 
S. scarlatinae. 

Also the strains of type 3 are clearly distinguishable from the strains of other 
t3T)es. The data thus far obtained (Evans, 1946a) have indicated that the im- 
munologic behavior of the strains of type 3 is entirely unrelated to that of any 
other type. In strains of type 3 the degree of virulence for mice is high and 
persistent throughout years of artificial cultivation, whereas that of the strams 

' The antiserums were prepared by injecting heat-killed bacterial cells into rabbits. 
The potency of the antiserums was determined by injection into mice which were inoculated 
the following day with living culture. 
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T^lBLE 1 


Production of acid brj streptococci of group .1 


scBcaoup 

ysoDCcnoN’ or acid rsou 

TOTAL Nr«3:i t 

ST8.U-NS cr 

Lactose 

Mannitol 

Solicin 

I 

+ 

— 

+ 


II 

+ 

+ 

+ 

21 

III 

+ 

— 

— 

31 

IV 

— 

+ 

+ 

IS 

V 

i — 

— 

+ 

31 


TABLE 2 

Correlation betxeeen agglutinative types and fermentative subgroups in 326 strains of I 


ACCLUTI- 


rEaia:N“rATivE subcsoup 


snuBEE or 


NATU'E 





DESICNATIC.'i 

TYPE 


S 

lU 

IV 

V 

THE TYPE 

10 


■ 

31 



33 

S. scarlatinas 

3 

21 

■ 




21 

S. potens n.sp. 

6 




9 


24 


U 

9 

mm 



7 

17 


15 





2 

2 


17 

11 

3 


9 

1 

24 

•Lactose-dDficient ga-P 

18 





13 

13 


19 

16 




2 

18 


23 

19 

4 



3 

26 


11 

17 





■■ 


12 

13 

S 

16 




2 

H 

■Epideniicus group 

27 

15 





15 


1 

31 





31 


2 

10 





10 


-j 

11 





11 


0 

6 





6 


s 






4 


9 






7 


o*") 






2 

•Pyogenes group 

24 

1 





1 


25 

3 

1 




4 


20 

2 





2 


2S 

o 





2 


29 

2 





2 


30 

7 




1 

8 

■■ 


of the pyogenes group is comparatively low and unstable. Fuller ^ 
(1939) found that under the conditions of their tests, the strains of 
sharply differentiated from those of other tj-pes of group A by their i—- 
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produce peroxide. Long (1941) confirmed their obsei-vation and he demon- 
strated that strains of type 3 are very sensitive to the bacteriostatic action of 
sulfanilamide. 

The specific name potens, referring to the strong virulence for mice, is proposed 
for strains of type 3, further characterized by failure to produce peroxide. On 
account of the peculiar characteristics of Streptococcus potens n. sp., conclusions 
as to the behavior of strains of other species of group A should not be drawn from 
tests in which strains of this species are the subject of experimentation. 

THE LACTOSE-DEFICIENT GROUP 

It may be observed (table 2) that with few exceptions the lactose-negative 
and the mannitol-positive strains (fermentative subgroups II, IV, and V) 
fell into types 6, 14, 15, 17, 18, 19, and 23. Many strains of fermentative sub- 
group I also fell into these types. On the other hand, few strains of fermentative 
subgroups II, rV, and V fell into other than the mentioned types. 

In a previous publication (1941) the writer applied the term “lactose-deficient” 
to strains which, when first tested, failed to produce acid from lactose. Later, 
under the conditions of maintenance in our laboratory some of them acquired” 
the ability to ferment lactose. Likewise, in our experience the ability to ferment 
mannitol was found to be unstable in types 17 and 23. On the contrary, all 
strams of type 6 were mannitol-positive when first examined, and none was 
observed to lose that character. Of the 49 lactose-negative strains (subgroups 
rV and V) in our collection, 46 fell into the seven types 6, 14, 15, 17, 18, 19, 
and 23. Of the 42 mannitol-positive strains (subgroups II and IV), 41 fell into 
the four types 6, 14, 17, and 23 (Keogh and Simmons of Australia, 1940, found 
that their mannitol-positive strains fell into GriflBth’s types 6, 17, and 23; Griffith, 
1935). Eighteen of our strains belonging to types 6 and 17 fermented mannitol 
but failed to ferment lactose (subgroup IV). 

Since aU mannitol-positive strains fell into types which include lactose- 
negative strains, the group previously termed “lactose-deficient” includes the 
t3T3es which contain strains ivith either one or both of these characteristics. 

In our experience, whenever a change occurred in the ability of a strain to 
produce acid from lactose or mannitol, it was always to acquire the fermentative 
properties of subgroup I. Lactose-negative strains became lactose-positive; 
mannitol-positive strains became mannitol-negative. No mstance was observed 
of a strain of the types included in the pyogenes and epidemicus groups losing 
the ability to produce acid from lactose, or acquiring the ability to produce acid 
from mannitol. 

The acquisition of the ability to ferment lactose by a strain of fermentative 
subgroup V would change its classification to subgroup I ; the loss of ability to 
ferment mannitol in a strain of fermentative subgroup II would change its classi- 
fication to subgroup I. The shifting of fermentative characters toward those 
of subgroup I would provide an explanation for the occurrence of strains of 
this subgroup in the same agglutinative types with lactose-negative and manmtol- 
positive strains of subgroups II, IV, and V. In the present state of knowledge 
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concerning hemol 3 i:ic streptococci of group A, this shifting of fermi’Dla:;;; 
characters adds to the difSculties of classification. 

Since some fermentative reactions are unstable and, as shown in .a prcvi, .j 
publication (Evans, 1946d), agglutinative reactions are unstable, these cliaru-:-.-! 
are of limited value for classification purposes. Immim'ologic beluvi.r, a 
character which appears to be stable (Evans, 19-lGa, 1946d), is more reliable. 

An explanation is in order for the apparent inconsistency in table 2 of phcir; 
in the lactose-deficient group t 3 TJe 19, with only tw'o lactose-negative .4rab, 
whereas type 13, which also has two lactose-negative strains, was not plic.i 
in that group. The reason is that the immunologic behavior of the stniir^ 
type 19 was found to resemble that of strains of the lactose-deficient gr.;;;, 
whereas the immunologic behavior of strains of type 13 did not resemble tLi’. 
of strains of the lactose-deficient group. For similar reasons, types 2.) anJ C) 
were placed in the pyogenes group, although each contained one strain 'UJim 
fermentative character which would have placed it in the lactosc-deiie;-:! 
group. 

The position of some strains is not clear. For example, confusion concerair; 
the position of type 23, which includes a few lactose-negative and also a!t^ 
mannitol-positive strains, arises because, although neither of the two stra-j 
of this type which were studied for immunologic behavior reacted with w.f 
heterologous antiserum, nevertheless a protective antiserum prepared 
one of them (no. 1072) reacted with many strains not included in the lactcx- 
deficient group, as well as with all strains included in that group (Evans, 10 1''“ ■ 

It was reported previously by Evans (1941, 1943, 1946o) that strains of d-* 
lactose-deficient group are characterized by a broad antigenic structure, 
tain immunologic data taken from an earlier publication (Evans, lOlOu) "E - 

_t 1_X?_ 1_? 1 X xr_ ..X _• rrnA 111 f .‘ll.'ljj 3 


show relationships between the strains of this group are arranged in tab-' 
to show that strains of diflferent fermentative groups may behave alike n i"' 
mimologic tests. aUl 7 strains included in the table reacted with the ‘ 
of the 11 protective antiserums, with a single discrepancy in each of two atra .-’ 
The table includes 2 strains of fermentative subgroup II, 2 of subgroup ; 
and 3 of subgroup V. The maimitol-positive strains of subgroups II au' ' 
show the same immunologic behavior as the mannitol-negative strains of-- 
group V. Likewise the lactose-positive strains of subgroup II sihow th« 
immunologic behavior as the lactose-negative strains of subgroups I\ 
These data show that when a single unknown strain is to be identified, ler- 
tion or nonfermentation of lactose and mannitol are unreliable charaett-- 
the differentiation of species. 


In the earlier study (194Ra) it was found that other strains oi 


f the la;'.-- ' 


deficient group, not included in table 3, reacted with fewer antLscrum.-:, ^ 
were characterized bj' abilitj- to react with one or more of the anti.-<.ni“-^ ^ 
of tj'pe 14, 054 of tj'pe 15, 1,26S of type 18, and 060 of type 19. On i-' ' 
Iiand strains of types 1, 2, 3, 9, 11, 12, 13, 25, 27, 28, and 30 of 
subgroup I did not react with anj' of the four mentioned protective .mt- • 
with a single discrepancy in the case of 2 strains. 
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This difference between the immunologic behavior of strains of the lactose- 
deficient group, on the one hand, and strains of the epidemicus and pyogenes 
groups, on the other hand, appears to offer a sound basis for the differentiation 
of species. 

In 1916 Holman gave the name Streptococcus infrequens to streptococci capable 
of fermenting mannitol as well as lactose and salicin. Apparently no strain 
of his .S. infrequens is now available for study. Since his description would 
apply to the majority of strains of group D and to some strains of group E, 
as well as to some strains of group A, there appears to be no valid reason for apply- 
ing the specific name infrequens to the mannitol-positive strains of group A. 

There is better reason for the acceptance of the name alactosus for the species 
loosely defined in this paper as the lactose-deficient group. This specific name 

TABLE 3 

2'fte titintunotogic behavior* and the agglultnative and fermentalive reactions of strains of the 

lactose-deficient group 


AKTlSERtTU PREPARED AGAINST STRAIN 


No. 

i 

Type 

1 

Fcrm- 1 
cntativc' 
group 

732 

crime 

3) 

1527 

(Type 

1) 

775 

(Type 

13) 

638 

(Type 

9) 

778 

(Type 

f) 

1072 

(Type 

23) 

1475 

(Type 

6) 

654 

(Type 

IS) 

1268 

(Type 

18) 

660 

(Type 

19) 

658 

(Type 

14) 

660 

19 

V 

-t 

B 

B 


-b 


+ 

-b 


4* 

rfc 

1475 

6 

IV 


wm 



+ 


-b 

-b 

- 

•f* 

4- 

1389 

G 

IV 

Ot 

0 

0 

0 

0 

■f 

+ 

+ 

-f 

4- 


996 

6 

II 





-f 

1 4* 

+ 

+ 

-b 

+ 

-b 

1085 

6 

II 

— 


bI 

0 

+ 

+ 

+ 

-f 

+ 

' + 

-b 

1268 

18 

V 

— 



— 

^ ± 


+ 

+ 

-b 

+ 

+ 

1135 

18 

1 

V 

— 

B 

B 

0 

' db 

+ 

+ 

db 

+ 

1 4' 

+ 


* These data on protective reactions were taken from an earlier publication (Evans, 


1946a). 

t — indicates no protection; indicates protection; ± indicates evidence of slight 
protection. 

t Q indicates not tested. 


was given by Brown (1919) to lactose-negative, mannitol-positive strains which 
V had been isolated in 1913 by Smith and Brown (1915) as the causal organism 
; in an outbreak of sore throat (several of their strains are still available for 
study). In high degree of virulence for mice the majority of strains of the 
i: lactose-deficient group resemble the strains of S. potens n. sp. and differ from the 
strains of the pyogenes and epidemicus groups. Because the lines of demarcation 
of the lactose-deficient group are not yet clear, further studies should be made 
before the species is defined. 


the epidemicus and pyogenes groups 

'j' It may be noted in table 2 that there is no difference between the fermentative 

' inactions of the strains included in the epidemicus and pyogenes groups. The 
reasons for recognizing a distinction between them are not yet entirely clear, 
although the bacteriologists of several decades ago regarded the characteristics 
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of encapsulated cells and vater3' colonies of the streptococci associated vith out- 
breaks of septic sore throat as (hstinctive of a species, Streptococcm cpidmias, 
first described bj* Da\ds and Rosenow (1912). 

The miter has found further evidence of distinguishing characters in the strains 
of tj-pes frequentlj- associated with outbreaks of septic sore throat. It was 
shown (E^•ans, 1940) that there is some correlation between resistance of strep- 
tococci of group A to bacteriophage C/594 and association with outbreaks of 
septic sore throat. iMore recentlj- (1946c) observation was made of the tendency 
of the agglutinative tyipes 11, 12, 13, and 27, included in the epidemicus group, 
to produce bovine mastitis associated with epidemic sore throat. Furthermore, 
an immunologic relationship has been found between the strains of these types 
(table 2; Erans, 1946a). 

Probablj* some of the tjqies which in table 2 are placed in the py'ogenes group 
will be found to belong more property in the epidemicus group. For emmple, 
a studj* of the immunologic behatdor of single strains of types 2, 9, and 25, 
respectivety (Evans, 1946a), suggests that one or more of these types may be 
formd to belong more correctty in the epidemicus group. 

Brown and Schaub (1944) suggested that mannitol-positive straius of group 
A may have been the parent stock from which other strains of group -4 
derived. The writer concurs, and further believes that there is evidence that 
the lactose-negative strains of group A were derived from animal strains of 
group C, and that further devdation from the lactose-deficient group resulted 


in strains with the characteristics of the pyogenes and epidemicus groups. 

In the seventh and eighth paprers of this series (Evans 1941a, 19415) tio 
sequence of relationships of Streptococcus equi (group C) to Streptococcus fjUJ- 
simfffs (group C) to lactose-negative strains of group A was discussed. The 
relationship between 5. cqui and 5. cquisimilis was ^own by the demonata- 
tion of protection of mice against strains of 5. cquisimiUs by antiserums pro- 
pared against strains of S. equi; reciprocal protection was not found in th 
one test that was made. A relationship between strains of 5. equisimili^ p 
lactose-negative strains of group A was shown by the protection of mice agairo:| 
lactose-negative strains of group A by antiserum prepared with a strain^ 
S. cquisimilis. (See table 6 of the eighth paper of this series, where all 
of group A which reacted with antiserum 790 of type 21, group C, belonged w 
the lactose-deficient group.) Positive reactions were obtained also in recipro-* 
experiments. No reaction was obtained, however, in experiments deaj^-^ 
to show a protective relationship between strains of S. cquisimilis and 
positive strains of group A. In a recent paper (Evans, 1946a) it was sliomi^^^ 
antiserums prepared against the mannitol-positive, lactose-positive strain ^ 
of type 23 and the mannitol-positive, lactose-negative strain 1475 of typ^ ^ 
respectively (both of the lactose-deficient group), gave protection against 
strains of the pyogenes and epidemicus groups, but no reaction was o 
in the reciprocal tests which have been made. . . j 

This sequence of protective relationships su^ests the route of dema 
the strains of the pyogenes and epidemicus groups as follows: 
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S. equi — > S. equimnilis lactose-deficient group — > / PyoS®^_6s group 

epidemicus group 

Evidence- that the route of derivation was not the reverse of that suggested 
is found in the observation, already discussed, that changes in fermentative 
characteristics were always in the direction of fermentative subgroup I. 

Further evidence of a relationship between strains of S. equisimilis (group C) 
and lactose-negative strains of group A was observed when precipitin tests 
were made to determine the serologic grouping of the strains of our collection, 
as reported by Evans and Verder (1938). There was especial difficulty in the 
case of sLx lactose-negative strains which reacted with serums of both groups, 
A and C. On a repetition of the tests, with a refinement of the technique, all 
six strains fell into group A. 

Moreover, the high degree of virulence for mice of the majority of strains 
of the lactose-deficient group suggests relationship mth the animal strains of 
group C, whereas the comparatively low degree of virulence of strains of the 
pyogenes and epidemicus groups suggests a more remote position. 


SUMMARY 

A study of many strains of beta hemolytic streptococci of group A showed 
that correlations exist between fermentative, agglutinative, and immunologic 
behavior. 

The information at hand permits the recognition of two well-defined species, 
Streptococcus scarlatinae and Streptococcus potens n. sp. The rough outlines of 
hree other species. Streptococcus pyogenes, Streptococcus epidemicus, and Strep- 
ococcus alactosus are taking shape, but further study is required to determine 
fie lines of distinction. 

A typical strain of S. potens n. sp. belongs to GrifiBth’s type 3; possesses a high 
iegree of virulence for mice; belongs to an immunologic entity unrelated to 
)ther species; produces no peroxide; and is very sensitive to the bacteriostatic 
iction of sulfanilamide. 

On account of the peculiar characteristics of S. potens n. sp., conclusions 
IS to the behavior of strains of other species of group A should not be drawn from 
tests in which strains of this species are the subject of experimentation. 
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NOTES 

A TYPHOIDLIICE INFECTION WITH SALMONELLA GATUNI 

A. CURBELO, A. CLERCH, R. ALBECETE, and T. DRAKE 
Inslituto Finlay, Havana, Cuba 

The first and only culture of Salmonella gatuni (VI.VII;b-enzl5) was typed 
and reported by Wilcox and Coates (J. Bact., 61, 561). It had been isolated 
by Menzel from the stool of a waitress in the Canal Zone in 1945. No clinical 
data were available. 

This is a report on the second isolation of this organism the serological and 
cultural type identification of which was established in the National Salmonella 
Center, New York City. 

A 31-year-old man, who had received a full course of TAB vaccine 3 months 
previously, came down April 1, 1946, with chills and fever which reached 39 
and 40 C. On April 14 the temperature dropped critically to 37 C, where it 
remained for 4 days. The patient was hospitalized on April 14. On April 
19 the temperature rose again and within 2 days reached 41 C. For 1 week 
the temperature remained between 39 and 40 C and then gradually returned 
to normal within the following 8 days as the other symptoms subsided. The 
temperature was norrnal on May 5, and remained so. During the fever period 
in the hospital, the pulse rate oscillated between 110 and 120. A white cell 
count on April 18 was 7,500. The blood picture was essentially normal. No 
roseola nor enlarged spleen was noted. There was only slight diarrhea mthout 
slime and blood for 2 days. The general aspect of the patient, who complained 
of weakness, malaise, and headache, was that of a man severely iU with typhoid 
fever. The Widal reaction for typhoid was 1:40 on April 19, and 1:80 on April 
25. Agglutinins for Salmonella ‘paratyphi A and B were not present. S. gatuni 
was isolated from the stool of the patient on April 25, and the agglutination 
with the patient’s serum against this organism was positive at 1:300. 

Two conclusions can be drawn from the history of this infection with S. gatuni: 
(1) A typhoidUke syndrome can be caused by an organism other than Salmonella 
iyphi and S. paratyphi A and B. This has been stressed time and again by many 
workers in this field. (2) Vaccination with TAB vaccine, even as recently 
as 3 months, which has been found effective against members of the A, B, and 
D groups of the Kauffmann-White schema, does not protect agamst members 

of the C group (VI ), to which belong S. gatuni and some other widely spread 

Salmonella organisms such as S. cholerae-suis, S. oranieriburg, S. montevideo, 
and S. nevrport. 


497 



498 


NOTES 


[voL. 53 


A CELL WALL STAIN EMPLOYING A CATIONIC 
SURFACE-ACTIVE AGENT AS A MORDANT 

M. T. DYAR 

Laboratory of Bacteriology, College of Agriculture, Cornell University, 

Ithaca, New York 

Received for publication January 15, 1&17 

For studying the morphology of bacteria in fixed smears, ICnaysi (J. Bact., 
49 , 375) demonstrated the value of staining by a method showing the cell wall. 
Knaysi (J. Bact., 41 , 141) developed a tannin alum fuchsin method which stains 
differentially the cytoplasm, cell wall, and capsule. It is the purpose of this 
note to report another cell wall stain in which the cell wall is positively charged 
by treatment with a cationic surface-active agent (Dyar and Ordal: J. Bact., 
61 , 149) and is then stained with an acid dye. The cytoplasm may be stained 
with a contrasting basic dye. 

By use of the following procedure, the cell wall is stained red and the cytoplasm, 
blue: (1) prepare and heat-fix a smear; (2) add 3 drops m/ 100 (0.34 per cent) 
cetyl pyridinium chloride; (3) add 1 drop saturated, aqueous Congo red, mixing 
on the slide; (4) wash; (5) counterstain for a few seconds with methylene blue; 
(6) wash; and (7) examine either in a drop of water imder a cover slip or in oil. 
Side illumination is often helpful in making observations. 

Species of Bacillus, Micrococcus, and Escherichia and also of Saccharomyus 
and Schizosaccharomyces have been stained in this way. The relatively thick 
cell wall of yeasts is seen to be stained light red and to be accentuated by a 
red precipitate of dye-surface-active agent on its surface. Presumably the 
same thing occurs with bacteria and accounts for the clarity of the stained cell 
wall, which has been shoxvn by electron photomicrographs to be actually very 
thin. This is further indicated by the fact that occasional bacterial cells, dis- 
lodged in the staining procedure, leave on the slide an outline of stain corres- 
ponding in shape to the stained cell wall. 

When bacteria, stained by this method, are examined in water under a cover 
slip, the cytoplasm is sometimes seen to be shnmk away from the cell wall. 
When such cells of Bacillus cereus are examined dry in oU, it is frequently seen 
that the cell wall has contracted, now adhering closely to the shrunken cytoplasm 
at the sides, though not at the ends. It appears that stained cell walls main^® 
the rigid form of the living cells when wet but tend to shrink or collapse v ^ 
dry. 

Although the dye-surface-active agent combination does not stain the cj 
plasm, this is not considered evidence that the cationic surface-active ag 
has not penetrated the cell membranes, a possibility discussed by Ho c ' 
(Ann. N. Y. Acad. Sci., 46 , 479). Actually, the cytoplasm of vegetative ce^ 
suspended in a droplet of cetyl pyridinium chloride stains black with a 
black B, indicating that the surface-active agent has penetrated into t e 
and that its hydrocarbon portion is stained by the fat dye. 
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A TYPE d STRAIN OF HEMOPHILUS INFLUENZAE 
PREVIOUSLY DESIGNATED PROVISIONALLY AS 
TYPE da AND TYPE g 

IVIARGARET PITTMAN 

Biologies Control Laboratory, National Institute of Health, U. S. Public Health 
Service, Washington, D. C. 

Received for publication January 17, 1947 

In 1937 Dr. J. Mulder sent me a type-specific culture of Hemophilus inHuenzae 
(D99) which he had obtained from Dr. Van Lookeren Campagne. With the 
supernatant of a broth culture, a ring reaction was obtained in type d antiserum; 
none was obtained in types a, b, c, e, or f antisera. The precipitation, however, 
was not heavy, and at the time it was thought that the strain might be of another 
type related to d. I tentatively designated it as d 2 (Van Lookeren Campagne: 
Maandsch. Kindergeneeskunde, 7, 43). On the basis of my report to him, 
Dr. Mulder provisionally called it type g (Mulder: J. Path. Bact., 48, 175). 

Four years later, I received a strain, Adamson, from Dr. Colin M. McLeod, 
labeled type d. This time a heavy precipitin reaction was obtained in the same 
serum that had been used in the test of the strain from Dr. Mulder. 

Recently a comparison of the two strains which had been kept in the dried state 
was made. Antisera were prepared against cultures of the respective strains. 
In each case, with capsular swelling reaction, bacteria of the heterologous strain 
gave a positive reaction to the same titer as did those of the homologous strain, 
and each serum absorbed with bacteria of either the homologous or the heterol- 
ogous strain lost its capacity to induce a swelling of the capsule of the bacteria 
of either strain. Furthermore, the antiserum produced in 1931 against the 
first strain, no. 218, which was designated as type d, and which had been used 
for the precipitin reactions on receipt of D99 and Adamson (author’s niunbers 
are 522 and 611, respectively), induced a swelling of the capsule of the bacteria 
of each strain, and when absorbed with the bacteria of either strain no reaction 
could be obtained with either one. 

It, therefore, appears that the type of the strain D99 which was provisionally 
designated both as da and g is d. This identification wiU permit the use of g 
for the designation of a type, different from a to f, that may be isolated subse- 
quently. 
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Quaiwitativb Meastjbement of Growth 

OF MYCOBACTEEIUil TUBEHCTTLOSIS: 

Effect of STREPTOitYciN. Dorothy G. 

Smith, New Jersey Agricultural Experi- 
ment Station, New Brunswick, New 

Jersey. 

A simple, safe, and accurate method is 
described for the quantitative estimation of 
the growth of Mycohacterium tuberculosis. 
This method is based upon turbidimetric 
measurements using Dubos’ medium for 
the growth of the organism. This medium 


has also been modified so as to permit a 
study of the physiology of the tubercle 
bacilli. This procedure also lends itself 
readily to the study of the effect of anti- 
biotic agents upon the growth of M. tiiber- 
culosis. Data were presented to illustrate 
the effect of streptomycin. 

WARTIilE StHDIES ON CaTTLE PIA.GUB. 
Richard E. Shape, Rockefeller Institute 
for Medical Research, Princeton, New 
Jersey. 


OHIO BRANCH 

ComniBns, Ohio, December 7, 1946 


Some Observations on a Pleomorphic 
Bacillus Isolated from Different 
Lots of Processed Whole Milk Prod- 
ucts. Helen Z. Knight and Edwin H. 
Browne, M & R Dietetic Laboratories, 
Inc., Columbus, Ohio. 

-4n incompletely identified pleomorphic 
bacillus, was frequently isolated from vary- 
ing lots of processed whole milk products. 
The morphologio units of this bacillus 
consisted of long rods in chains, rods with 
central and plectoral globi, and dumbbell 
forms. A definite life cycle could be 
observed, beginning with the long rods and 
ending with the clumps of globi. In- 
creasing the nitrate content of the medium 
resulted in the formation of filaments 
resembling a mycelium. On blood agar the 
bacillus appeared as a small plump rod, but 
was not hemolytic. These variations were 
not permanent; the bacillus reverted back 
to its original forms as soon as it was trans- 
ferred to standard milk agar. As far as 
could be determined, the presence of this 
bacillus in the milk product had no effect 
upon the product. 

The Action of Phenzlmbrcuric Nitrate 
The Ability of Sulfhydryl Com- 
pounds TO Protect Against the 


Gerihcidal Action of Basic Phenyl- 
mercuric Nitrate. G. 17. Thomas and 
Elion S. Cook, Institutum Divi Thomae, 
Cincinnati, Ohio. 

The growth-inhibiting action of basic 
phenylmercuric nitrate on Escherichia coli, 
Eberthella typhosa, and Staphylococcus 
aureus can be prevented by the sulfhydryl- 
containing compounds cysteine, homo- 
cysteine, and glutathione, but not by 
cystine and methionine. This activity 
was demonstrated by the use of a filter 
paper disc method and in broth cultures. 

Errors in Compounding and Testing 
Semisolid Products CoNTAiNiNa 
Quaternary Ammonium Salts. Robert 
A. Quisno and Milton J. Foter, Depart- 
ment of Bacteriology, Laboratories of 
The Wm. S. Merrell Company, Cincinnati, 
Ohio. 

Results were reported which showed that 
agar reduces the germicidal potency of 
certain quaternary ammonium salts. The 
recommended agar plate methods for the 
evaluation of the antiseptic properties of 
ointments, creams, jellies, suppositories, 
etc., containing quaternary ammonium 
salts were thus found inappropriate. A 
method for deter m i nin g critical killing 
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time was reported wMch eliminated tlie use 
of agar. The test involved the inoculation 
of 5 g of the preparation with 0.5 ml of the 
test organism and subculturing 0.4 ml of 
the mixture into 10 ml of a liquid neutra- 
lizing medium after various time intervals. 
Tests on several preparations containing 
quaternary ammonium salts showed them 
to be germicidal by the method reported. 

It was also found that certain other 
excipients reduce the activity of quaternary 
ammonium salts. It is recommended that 
when the formulation of preparations 
containing this type of germicide is con- 
templated the compatibility should be 
investigated first. 

Studies on the Dehydrogenases op 
Clostridium perfringens. Alfred A. 
Tytell and Alice G. Tylell, Department of 
Biological Chemistry, University of Cin- 
cinnati, College of Medicine, Cincinnati, 
Ohio. 

Data were presented to show that the 
glucose dehydrogenase of washed suspen- 
sions of Clostridium perfringens was in- 
activated by extreme dilution. The critical 
concentration was approximately 500 to 
1,000 mg (dry weight) of washed organisms 
per ml. The presence of inorganic phos- 
phate is a requisite for activity. Inactive 
suspensions can be reactivated by various 
fractions of yeast and liver extracts. 
Among the substances shown to reverse 
this inactivation are adenine, cysteine, 
sodium pyruvate, and methionine. 
Adenine can be replaced by other purines 
such as guanine, hypoxanthine, and 
xanthine. Glucose dehydrogenase can be 
inactivated by sodium iodoacetate, and 
the inhibition can be reversed by the 
compounds mentioned above. Strepto- 
mycin inhibition can likewise be reversed. 

Studies on Eremothecium askbyii. 
Helen Norris Moore, G. de Becze, and E. 
Schraffenberger, Schenley Distilleries, 
Inc., Biochemical Research Laboratory, 
Lawrenceburg, Indiana. 

Riboflavin synthesis by Eremothecium 
ashhyii has been studied in various liquid 
substrates, utilizing the shaken flask 
propagation method. In yeast extract 
glucose peptone broth containing 2 per cent 


solids, at the end of 72 hours 198 mg of 
riboflavin were produced per nil of liquid 
and 124 mg per ml in distillers’ thin stillage 
diluted to 2 per cent solid content. Supple- 
ments, such as molasses, corn oil, sugars, 
and inorganic salts, added to the above- 
mentioned substrates increased the ribo- 
flavin content to as high as 356 mg per ml. 

The optimum temperature was found to 
be 26 to 30 C, and an initial pH of 5.5 to 
6.5 for both rapid development of the 
organism and for riboflavin synthesis was 
needed. Lower initial pH values retarded 
both the growdh and riboflavin production. 
Under favorable conditions maximum ribo- 
flavin content is reached in 72 hours. With 
the progress of mold growth, the pH of the 
substrate, due to deamination, often in- 
creases up to 9.0. 

During the course of these experiments, 
it was observed that when the culture of 
E. ashhyii was kept at low temperatures 
(-1-4 C) for more than 7 days, its riboflavin- 
producing ability was greatly decreased, 
and when the culture was lyopbilized, by 
standard procedures, it completely lost 
its ability to produce riboflavin. Cultures 
grown in maltose broth maintained their 
riboflavin-producing ability over a 6-inonth 
period when kept at room temperature. 

Effect of Addition of StreptomyclV m 
Submerged Cultures of Strbptoutces 
GR iSBUs. G. L. Christenson, F . J- Rudcrl, 
and Milton J. Foter, Department o 
Bacteriology, Research Laboratories o 
The Wm. S. Merrell Company, Cincinnati, 
Ohio. . 

Streptomycin was added to shaken c 
tures of Streptomyces griseus and the pea 
yield of streptomycin in such cultures wM 
increased in the majority of cases, 
addition of streptomycin to aerated culture 
of S. griseus resulted in similar 
the amounts of streptomycin pro “ 

The majority of isolates obtaine 
shaken cultures of S- griseus 
streptomycin-containing ■ medium 
capable of producing more strep o 
than their purest strain. 

Correlation Between 
Capacity for White Rats 
ciPiTABLB Antibody Content of 
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ttjlarense Serums. Lee Foshaij, I. 
Ruchvian, and Paul S. A^ieholes, Depart- 
ment of Bacteriology, College of 
Medicine, University of Cincinnati, 
Cincinnati, Ohio. 

Antitularense scrums have hitherto failed 
to reveal protective antibody against 
challenge by strains of maximal virulence 
whenever the test animals were the mouse, 
guinea pig, hamster, or rabbit. Since the 
reaction to tularemic infection by the rat 
approximates more closely that of man than 
do those of other animals, the rat was used 
for serum protection experiments. 

Protective antibody was readily demon- 
strated in 2-ml quantities of each of 4 
antitularense serums by I.-P. injection of 
the 85- to 110-g wMte rat and by immediate 
subcutaneous challenge with 25 million 
viable organisms of maximal virulence, an 
average of 25,000 LDso rat doses. 

The precipitable antibody content of 
serums was quantitated by the Culbertson 
neutralization method, using a polysac- 
charide prepared from acetone-extracted 
cells of a virulent strain by the phenol 
extraction method of Palmer and Gerlough. 

Rat mortality was the criterion by w'hich 
serum protection was judged. 

Prechallenge treatment with normal 
serums gave 95 per cent mortality and with 
the most potent hyperimmune serum, aged 
15 months, 12.5 per cent mortality. Serums 
of lesser potency gave correspondingly 
greater mortality. Mortality rates were 
roughly inversely proportional to the 
precipitable antibody contents of serums. 

The difference in clinical effectiveness 
between the two best serums was of the 
order of that shown by both rat protection 
and antibody content tests. 

Bacteriologic Studies in Epilepsy and 
Schizophrenia. Edward C. Ro&enow, 
Bacteriologic Research, Longview 
Hospital, Cincinnati, Ohio. 

Alpha streptococci having specific prop- 
erties have been isolated consistently from 
the end point of growth of serial dilution 
cultures in glucose brain broth from the 
nasopharynx and apices of pulpless teeth 
of persons suffering from idiopathic epilepsy 
end schizophrenia and from the blood in 


35 per cent of epileptics and 11 per cent of 
schizophrenics. 

The streptococci from epileptics caused 
spasms and convulsive seizures in high 
incidence in mice, rabbits, and monkeys. 

Intracutaneous injection of streptococcal 
antiserum and thermal antibody and 
antigen wms followed immediately by 
erythematous reactions diagnostic, respec- 
tively, of specific antigen and antibody in 
skin or blood; and subcutaneous injection 
of thermal antibody in therapeutic amounts 
caused a prompt reduction in antigen, a 
rise in antibody as determined by intra- 
cutaneous and agglutination tests, and often 
concomitant clinical improvement. 

Isolation op the Virus of Herpes 
Simplex from Five Cases of Kaposi’s 
Varicelliform Eruption. Isaac 
Ruchman, Ashton L. Welsh, and Katharine 
Dodd, The Children’s Hospital Research 
Foundation and the Departments of 
Bacteriology, Pediatrics, and Derma- 
tology, University of Cincinnati, College 
of Medicine, Cincinnati, Ohio. 

Kaposi’s varicelliform infection is char- 
acterized by an acute exanthematous 
eruption which is superimposed over an 
eczema of long standing. From the skin 
lesions of three adults and two children 
presenting this syndrome a filterable agent 
was recovered which, by histological 
methods and appropriate cross-immunity 
tests in animals, w'as shown to bo a strain 
of herpes simplex virus. An increase in 
antibodies during convalescence was demon- 
strated in three patients; one fatal case in 
an adult had no antibodies in the acute 
stage. Neutralizing antibodies were pres- 
ent during the acute phase of the illness 
in the one remaining adult, but no increase 
in antibody titer subsequently occurred 
either during convalescence or during the 
period which followed a late recrudescence 
of the disease about 5 weeks later. 

The Effect of Influenza Virus Infec- 
tion ON THE Susceptibility of White 
Mice to Streptococcus hemolyticus. 
Harold N. Carlisle and V. Paul Hudson, 
Department of Bacteriology, The Ohio 
State University, Columbus, OMo. 

A study was made of the effect of influenza 
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virus infection on the susceptibility of 
white mice to Streptococcus hemolyticus 
(group G) administered by intranasal 
instillation. Two hundred 14- to 16-g mice 
were inoculated intranasally with 0.05 
MUD of influenza virus, type A, an amount 
which regularly produced slight symptoms 
but no deaths. At intervals of 0, 2, 4, 8, 
12, 16, 24, and 32 days later, a suspension of 
streptococci was titrated in mice from the 
virus-prepared group and in control mice. 
The virus-infected mice were fatally sus- 
ceptible to a 100-fold higher dilution of the 
streptococcus suspension, 4 and 8 days 


after inoculation of the virus, than were 
the control mice. Significant ^fferences in 
susceptibility were observed also 2 and 12 
days after the virus inoculation. All 
mortally infected mice yielded streptococci 
in the lungs and blood; in the latter in pure 
culture . Additional controls indicated that 
a preliminary inoculation of heat-tilled 
virus had no efiect on susceptibility to the 
streptococcus and that a secondary inocula- 
tion of heat-killed streptococci had no 
demonstrable effect on the course or out- 
come of the virus infection. 


NEW YORK CITY BRANCH 


New Yobk, Januaby 3, 1947, Ward J. MacNeal Memorial Mebtinq 


The Significance op, and Methods fob, 
Maintaining Moistubb in Bacterio- 
logical Culture Media. George H. 
Chapman, Clinical Research Laboratory, 
New York. 

There is an average loss of 0.1 ml of 
moisture from the surface of an agar plate 
each day it is stored in an electric refriger- 
ator. The resulting dry surface is detri- 
mental to microbic growth. The loss of 
moisture can be greatly reduced by storing 
the plates in metal cylinders sold for this 
purpose and sealing the joint between top 
and bottom sections, preferably with water- 
proof adhesive tape or with parafilm or a 
rubber band. The vent hole should also 
be sealed. Tubes of culture media can be 
sealed by covering the plug or screw cap 
and rim with parafilm. 

A Superior Culture Medium for the 

ENUilBRATION AND DIFFERENTIATION OP 
CoLiFORMS. George H. Chapman, 
Clinical Research Laboratory, New York. 
The medium is based on the finding of 
Pollard (Science, 103, 758) and has the fol- 
lowing composition: water, 1,000 ml; Difeo 
yeast extract, 3 g; proteose no. 3 peptone, 
5 g; lactose, 10 g; agar, 15 g. Adjust to 
pH 6.9 and add 0.1 ml of tergitol-7 and 2.5 
ml of 1 per cent bromthymol blue. In- 
cubate 20 hours at 37 C. Escherichia 
produces yellow colonies surrounded by 
yellow zones. Aerobacter produces greenish 
yellow “gum drop” colonies, larger than 


those of Escherichia and usually surrounded 
by yellow zones. Paracoli and other 
lactose nonfermenters produce colonies 
usually surrounded by blue zones. A few 
strains of Neisseria catarrhalis grow on the 
medium but produce minute, rough, blue 
colonies with blue zones. No other bacteria 
have been observed. Growths do not‘‘run 
like other freshly prepared media. Proku* 
has far less tendency to spread. There is 
apparently no inhibition of coliforms, thus 
permitting recovery from minute inoculs. 
The counts are about 30 per cent higher 
than on other selective media. 


New Effective Volatile Anhsepiics- 
Clara A. Bjernes and S. B. Hulner, 
Haskins Laboratories, New York. 


Basal Media for Studying the 
GANic Requirements of Purple a 
TBR iA AND Green Plants. • 
Huiner, Haskins Laboratories, New 


upROViNG THE Efficiency of the • 
Coefficient Test Procedure. 

R. Cade, Givandan-Delawanna, 

Delawanna, New Jersey. , 

Because the standard phenol coe 
lethod does not present the (acts reg “ 
le presence of viable organisms ~ 
t the end of the test period, ^ 

ere made to determine the u“ 
luses for this rather serious fault, 
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develop modifications in the test method 
which might serve to overcome it. 

Three reasons were found as basic causes. 
They were the failure to recognize (1) the 
germicidal action which goes on in the 
subculture tubes during incubation; (2) the 
effect of the “random-sampling error”; 
and (3) the fact that the loopful transfer 
fails to pick up (therefore record) certain 
viable organisms which adhere to the aides 
of the medication tube. 

To overcome these three sources of error, 
the following recommendations are offered: 
(1) use the Cade-Halvoraon plate count 
technique in place of broth subculture 
transfers; (2) increase loop size from the 
present 4-mm standard to one that delivers 
approximately 0.03 ml; and (3) apply the 
author’s “swab test” to determine the 
presence and number of organisms adhering 
to the sides of the glass. 

The Utiuzation op Thin Paper Discs 

IN THE Assay of Amylases. Marion B. 

Sherwood, Wellcome Research Labora- 
tories, Tuckahoe, New York. 

The method of using thin filter paper discs 
as carriers of dilutions of amylase upon 
starch agar plates was applied to the assay 
of amylases. One per cent amylases 
extracted with 20 per cent glycerol in the 
refrigerator overnight were progressively 
diluted to 1:125 in 1:5 steps. Three and 
six-tenths per cent starch in 1 per cent 
agar of uniform consistency, 20 ml per 
plate, served as the substrate. A compari- 
son of pancreatin with pancreatic amylase 
as the standard gave a potency of 40.5 per 
cent with arrowroot and 39.9 per cent with 
amioca starch as substrate. An estimate 
of the inherent precision of the assay was 
calculated from the analysis of these data. 
Values approximating 0.1 indicated the 
high degree of precision. As a further 
indication of the accuracy of the method, 
pancreatic amylase partially denatured by 
urea in aqueous solutions was glycerolated 
and tested against controls in both this 
and the Wohlgemuth procedure. Potency 
values of 49.2 and 24.3 per cent for two 
urea-treated solutions were obtained by the 
former method. Corresponding figures by 
the Wohlgemuth procedure were 51.8 and 
25.9 per cent. 


An Occurrence op Udder Infections 
Caused by a Thermodueic Strepto- 
coccus. John S. Bryan, Walker-Gordon 
Laborabory Company, Plainsboro, New 
Jersey. 

An increased bacterial count of high 
quality pasteurized milk was caused by a 
thermoduric streptococcus infection of the 
udders of cows. Milk from the infected 
udders in turn contaminated the equip- 
ment, but this contamination or seeding 
was readily eliminated in routine cleaning 
and sterilizing after the infected cows 
were located and removed from the supply. 
Detection of the infected cows was difficult 
because the symptoms and physical ap- 
pearance of the milk were not the same in 
each case. It was necessary to pasteurize 
in the laboratory the milk from each cow 
to confirm our physical checkup findings and 
to locate the infected cows. 

Our experience has not indicated that 
this thermoduric bacterium normally 
resides in the udder of the cow. 

There is no evidence to indicate that the 
thermoduric bacteria are important in 
milk from a public health standpoint, but 
they are important in milk plant operations 
from the pasteurized milk bacterial count 
control angle. 

The Practical Significance op So-called 
Heat-resistant Coliform Organisms 
in the Coliform Testing op Pasteur- 
ized Milk. Edythe C. Alff and Leon 
Buchbinder, Bureau of Laboratories, New 
York City Department of Health, New 
York. 

An investigation was carried out to 
determine the role of heat-resistant coli- 
forms in the coliform test of pasteurized 
milk. A milk plant study of raw, line, 
and final milk revealed that heat-resistant 
conforms are rarely, if ever, found in the 
product. A year’s survey, comprising 
1,000 samples of raw milk, demonstrated 
that far fewer coliform organisms are 
usually found in this product than are 
commonly used in the laboratory pasteuri- 
zation of coliforms. Determination of the 
heat resistance of coliforms by one com- 
pletely submerged technique and two 
partially submerged techniques revealed 
that, when reasonable numbers are used. 
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complete kill is uniformly obtained only 
by the former technique. It is concluded 
that coliform survivors are not found 
after laboratory pasteurization of milk 
when an adequate physical technique and 
reasonable numbers nf organisms are used. 
Heat-resistant coliforms, therefore, seem 
to have no practical significance in the 
coliform testing of pasteurized milk. 

Studies on the Swab-Rinse Test for 
Food Utensil Sanitation. Leon 
Buchbinder and Sylvia Mazur, Bureau of 
Laboratories, New Y ork City Department 
of Health, New York. 

The Saturation of Bacterial Lipids as 
A Function of Temperature. Eugene 
R. L. Gaughran, Rutgers University, 
New Brunsmck, New Jersey. 

A comparative study of the cellular 
lipids of a mesophilic and a stehothermo- 
philic bacillus was made in the course of an 
investigation of the elevated minimum 
temperature for growth of the latter 
organism. 

The data presented indicate that for 
the mesophile, the total cellular lipid and 
its constituent fractions decrease in 
quantity and degree of unsaturation as 
the temperature of cultivation of the or- 
ganism is increased, while the lipids of the 
stenothermophilic bacillus are strikingly 
constant both in quantity and degree of 
saturation. The high, degree of saturation 
of the acetone-soluble fats of the steno- 
thermophilic organism over a wide tempera- 
ture range provides evidence that a rela- 
tively large proportion of the total lipids 
approach solidity as the minimum tempera- 
ture for growth is reached. The incom- 
patibility of this situation with active 
metabolism at lower temperatures is quite 
evident and implies that the consistency 
of the fats elaborated by stenothermophiles 
may prevent active metabolism at lower 
temperatures and fix the minimum temper- 
ature for growth. 

The nature of the enzyme complement of 
the thermophilic organism in question 
appears to be the responsible factor. 

Influence op Purines on the Anti- 
bacterial Activity of Acridines. D. 


Eldridge, E. Titsworth, and C. Vngir, 
Research Laboratories, Hoffman. 
LaRoche, Inc., Nutley, New Jersey. 
Nucleic acid exerts an antagonistie 
effect on the antibacterial activity oi the 
acridine dye stuffs, acriflavine and pro- 
flavine. This antagonism can be demon- 
strated by the inhibition of the bacte- 
riostatic activity in vitro and the tissue 
sterilization by topical administration in 
vivo. Adenine and adenylic acid failed 
to show inhibiting properties. 


Influence op Purines on the Toxicm 
AND Antitrypanosomal Activitv of 
Acridines. W. Schleyer, U. Buck, and 
R. J. Schnitzer, Research Laboratories, 
Hoffman-LaRoche, Inc., Nutley, New 
Jersey. 

Nucleic acid detoxified proflavine. It 
interfered with the trypanocidal activil.i 
of acriflavine and proflavine in vitro, but 
did not antagonize the trypanocidal effect 
in vivo. 


Nonbacillaby Forms of MTcoBAcriEMrii 
tuberculosis and MYCOnACTEBIV'l 
liBPRAE. Eleanor Alexander-Jockson, 
Cornell University Medical College, Nett 
York. 


The Inactivation of Influenza Vims et 

Certain Vapors. Thomas C. urn , 
Marie L. Miesse, and Bruno Puefctr, 
Research Laboratories, Vick Cbemica 
Company, Flushing, New York. 


munological Studies on the 
Variants of Pseudomonas aebuoiaos ■ 
beurfs H. Schwarz and Joseph La’-o^ ’ 

VewYork. ,, fn 

rhis paper deals with the attemp 
munize laboratory animals wUn ■ 
nponents of the mucoid vans 
mdoinonas aeruginosa. Failure o 
;anism to respond to treatment « 
eptomycin or other chemo hera^^^,^^ 
mts prompted the experimen • ‘ . 

rabbits received, '“travenous y. j 
ted amounts of bacterin, he - 
itoxin, purified exotoxm, an “li 
e animals showed a rapid loss , 

ally succumbing. Autopsies 
tt all of the animals died of ta'- 
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It is therefore concluded that little if any 
value is to be expected from this method of 
treatment, and it is our confirmed opinion 
that streptomycin has little to offer as an 
antibiotic capable of eradicating all strains 
of P. aeruginosa. 

The Production of Antibodies Against 
A Synthetic Ester of Oleic Acid. 
Gardner Middlehrook and Rene J. Dubos, 
Rockefeller Institute for Medical 
Research, New York. 

The Inhibition of Experimental Drug 
Allergy by Prior Feeding of the 
Sensitizing Agent. Merrill W. Chase, 
Rockefeller Institute for Medical 
■Research, New York. 

Pexicilun and Sulfadiazine Sensitivity 
OF 385 Strains of Corynebacterium 
diphtheriae. Lillian Buxhaum, Nancy 
Nenner, and Vera B. Dolgopol, Willard 
Parker Hospital, New York. 

Three hundred eighty-five strains of 
Corynebacterium diphtheriae were tested 
in vitro for sensitivity to penicillin. Two 
hundred seventy-eight (72.2 per cent) were 
sensitive to 0.25 to 1 unit of penicillin. 
Thus the majority of these organisms are 
relatively resistant to penicillin as 
compared with the more sensitive micro- 
organisms such as gonococcus, streptococ- 
cus, and staphylococcus. 

Sulfathiazole e.xerted little inhibitory 
action on the growth of the diphtheria 


bacillus in concentrations as high as 50 mg 
per cent. 

Penicillin, when administered system- 
atically in doses from 5,000 to 15,000 units, 
exerted some protective effect on the skin 
of guinea pigs inoculated intracutaneously 
with toxin or the diphtheria bacillus. 

Penicillin solutions containing 800 to 
1,000 units per ml were used to spray the 
throat and nose of carriers of C. diphtheriae; 
this did not reduce the number of days 
their cultures remained positive as com- 
pared to the controls. The majority of 
both treated' and untreated patients no 
longer harbored the bacilli after 21 days’ 
hospitalization. 

Only those treated patients whose cul- 
tures were resistant to 0.5 unit of penicillin 
before treatment remained positive, but 
there were several patients in the un- 
treated group who still harbored bacilli 
sensitive to 0.25 unit. This seems to 
indicate that penicillin in adequate con- 
centrations will shorten the duration of the 
carrier state of those individuals who harbor 
C. diphtheriae sensitive in vitro to less than 
0.5 units of penicillin per ml. 

Bacteriology and Public Health. Israel 
Weinstein, Commissioner of Health, New 
York City. 

Changes in the Laboratory Aspects of 
the Venereal Diseases. Richard C. 
Arnold, Venereal Disease Laboratory, 
U. S. Public Health Service, Staten 
Island. 
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The study of inheritance in bacteria has, for the most part, been confined 
to the investigation of mutational changes in the course of clonal reproduction. 
With the exception of experiments on pneumococcus type transformations there 
have been few studies on the direct hereditary interaction of one bacterial tj^e 
with another. The conception that bacteria have no sexual mode of reproduction 
is widely entertained. This paper will be devoted to the presentation of evidence 
for the occiurence in a bacterium of a process of gene recombmation, from which 
the existence of a sexual stage may be inferred. 

On the basis of mutation studies many investigators have concluded that 
the hereditary properties of bacteria are based on the existence of genes (Luria 
and Delbruck, 1943; Roepke et al, 1944: Lwoff , 1941 ; Demerec and Fano, 1945; 
Gray and Tatum, 1944), although it is not clear whether these genes should be 
homologized with the Mendelian factors of higher organisms, or with the extra- 
nuclear factors which have been demonstrated in some microorganisms an 
higher plants (Sonnebom, 1943; Spiege lm a n et al., 1945; Rhoades, 1943). 

The genic basis of microbial inheritance does not depend on the demonstm- 
bility of a sexual phase in bacteria. However, more powerfid genetic met o 
paralleling classical Mendelian analysis would be available if it were pos^ e 
to foUow the inheritance of characters in the products of a sexual feion. ^ e 
few examples of this approach thus far reported have provided no mcon ro\ er 

tible evidence for sexual reproduction in bacteria. 

The phenomenon of paragglutination in the colon- typhoid- ysentery oioup 
might be regarded as an instance of bacterial hybridization, an was so m e 
preted by Almquist (1924) . As reported by numerous authors, para^lutma ion 
refers to the development of new types which react with ant^ra or eac^ 
two distinct strains when these are grown together in mixe cu 
andEbeling, 1916;Salus, 1917;Wollmanand Wollman, 1925). The si 
of these observations has been attacked by several aut ors 
Wright, 1930; Kauffmann, 1941), chiefly on the grouncH that the ' 

tion represents a nonspecific cross reactivity charactens ic o ro ^ 

of these organisms. Hansen (1929) failed to obtam paragg u a 
experiments. In the light of more detailed recent i orma ion 
genic structure of this group, this problem certainly desen’es a critical 
vestigation. 

‘Fellow of the Jane Coffin Childs ^ 

■was supported in part by a grant from the Jane Co r + r nf Philosonhv at Yale 

in par^l fulfilhnLt of the requirements for the degree of Doctor of Philo=ophj 

Univeraity. 
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Sherman and Wing (1937) have described experiments designed to detect 
recombinations of fermentative characters in mixed cultures of various Escher- 
ichia coli and Aerohacter aerogenes strains. Although new combinations o; 
biochemical characters were found, similar types were found to an equal extent 
in pxire cultures, so that these authors could not infer the occurrence of a sexunl 
fusion. Their experiments are of the greatest interest, however, since they 
represent the first attempt to study this problem in bacteria by genetic methoh 
using clear-cut characters. Gowen and Lincoln (1942) later performed simihr 
e.xperiments xvdth strains of Phytomonas stewartii, using cultures differing in 
morphological and pigment characteristics. As in Sherman and Wmg’s studies, 
these authors were unable to differentiate the new types they found in their mixed 
cultures from types which arose spontaneously in single cultures. For tiiis 
reason a definite conclusion could not be drawn from their results. 

A discussion of hereditary processes in bacteria must take into account fe 
extensive work on transformation of pneumococcal types, first described by 
Griffith (1928) and culminating in the isolation of the transforming principle 
in chemically characteri 2 able form by Avery, MacLeod, and McCarty (lOH)- 
These studies have revealed that, under special experimental conditions, s 
product isolated from a serologically specific, smooth, pneumococcus culture vrill 
convert cells of a nonspecific rough culture to the smooth type characteriilic 
of the source of the transforming principle. So far as is known, such trans- 
formations can be performed in only one direction (rough to smooth) and only 
under very special conditions. Boivin and Vendrely (1946) have reported a 
similar transformation involving the capsular polysaccharide of a strain of E- 
coli. There have been reported other instances of varying credibility (Eaar- 
nowsky, 1926; Lommel, 1926; Legroux and Genevray, 1933; Frobisher and 
Brown, 1927; Burnet, 1925; Holtman, 1939; Cantacuzene and Bonciu, 1926). 
These studies have a direct bearing on recombmation experiments, since trans- 
formations of this sort might be regjonsible for the occurrence in mixed cidture 
of some new types which are interpretable as recombmation types. This wu 


be discussed in more detail below. 

Morphologically unusual forms of various bacteria have been described i 
Mellon (1925) as zygospores, and been taken to imply a sexual fusion. It 
been suggested by Dienes and Smith (1944) and bySmith (1944) that the 
Bodies” which appear under certain conditions in cultures of Baderoid^ 
represent a sexual phase. There is as yet no exddence that the recombuia^i - 
phenomena in E. coli which will be discussed in this paper are related to ^ 
special structural form, such as those which have been described by these au 


M.\TBRIAL AND METHODS 

Except as otherwise stated, the experiments reported on in this 
all been performed xvith mutants of a single strain of Escherichia colt, 
This is a typical coliform bacterium originally isolated from human 
gram-negative rod, motile, lactose-fermenting, producing indole, and suscep _ 
to each of the coli phages in the series T1 to T7 of Demerec and Fano 



1947] 


GENE RECOMBINATION IN BACTERUTM E. COLI 


675 


It has been used at Stanford University as a student laboratory strain for a 
number of years. 

Mutant strains of E. coli characterized by specific growth factor require- 
ments have been obtained after treatment with X-rays, ultraviolet light, and 
nitrogen-mustard. A single nutritional requirement is established at a single 
mutational step, and on the basis of studies on Neurospora is regarded as based 
on a change in a single gene. By successive treatments, multiple mutant strains 
with several genetically and biochemically independent nutritional requirements 


TABLE 1 

Characteristics of Escherichia coli biochemical mutants* 


STSAJN 

S£r£K> 

XNCEt 

S£QT7tS£U£KTS 

SYMBOL 

OBTAINED 

FBOM 

TREATMENT 

DETEC- 

TION 

TECH- 

NIQDEt 

58 

1 

Biotin 

B- 

K-12 

X-ray 

1 

679 

1 

Threonine 

T- 

K-12 

X-ray 

1 

58-161 

2 

Biotin, methionine 

B-M- 

58 

X-ray 

1 

679-680 

2 

Threonine, leucine 

T-L- 

679 

X-ray 

1 

YlO 

3 

Threonine, leucine, 
thiamine 

T-L-Bi- 

679-6S0 

X-ray 

2 

58-278 

2 

Biotin, phenylalanine 

B — ^ — 

58 

X-ray 

1 

Y24 

3 

Biotin, phenylalanine, 
cystine 

B — C— 

58-278 

Ultraviolet 

2 

Y38 

3 

Arginine 

A- 

B/r§ 

Ultraviolet 

2 

Y39 

3 

Histidine 

H- 

B/r 

Ultraviolet 

1 2 

Y44 

3 

Arginine, methionine 

A-M- 

Y38 

Ultraviolet 

' 2 

Y45 

3 

Histidine, p-aminoben- 
zoic acid 

H-Pb- 

Y39 

Ultraviolet 

2 

679-183 

2 

Threonine, proline 

T-P- 

679 

X-ray 

1 


* Mutants for resistance to phage Ti have been obtained in strains 58-161, 679-183, 
YlO, and Y24, without detectable variation in nutritional requirements. 

t References: (1) Gray an4 Tatum, 1944; (2) Tatum, 1945; (3) previously unpublished, 
t Technique 1 is described by Gray and Tatum (1944) ; 2 by Lederberg and Tatum 
(1946). 

§ This is a radiation-resistant mutant of E. coli B, isolated by Witkin (1946) . 

have been produced. The strains used in these experiments are described in 
table 1. In general, the nutritional characteristics of a strain are ascertained 
by inoculating media consisting of the basal medium plus various supplements; 
lack of visible growth in the absence of a given growth factor and optimal growth 
in its presence are the criteria for the determination of the nutritional require- 
ments of a strain. 

A mutant strain can be signified by suffixing a ” sign to the irutial of the 
substance in question; e.g., C— refers to a strain which is deficient 

in the synthesis of biotin, phenylalanine, and cystine. On the other hand, 
particular emphasis can be placed on the ability of a strain to synthesize a par- 
ticular growth factor by suffixing a Thus, B— C— T-l-L-l-Bi-1- 
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would refer to a strain deficient in the three factors mentioned above, but capable 
of growth in the absence of threonine, leucine, or of thiamine. The representa- 
tion of a growth factor requirement by a minus sign is justified by the a priori 
consideration that a mutation establishing a growth factor requirement generally 
represents the loss of a function, and by the e.xperimental finding of Beadle 
and Coonradt (1944) that wild are dominant to mutant genes in Neumpora 
heterocaryons. Strains which are for all growth factors have been called 
prototrophs (Ryan and Lederberg, 1946), since this is the nutritional condition 
of the parental wild type E. coli strain from which all the mutants were ultimately 
derived. 

In addition to these biochemical mutations, the character of resistance (ab- 
breviated Vi') to coli phage T1 has been used. Spontaneous mutations for 
this character were selected by the method of Luria and Delbruck (1943) and 
are sufficiently rare (about 1 cell in 10^ in a 24-hour culture from a small inocu- 
lum) to be negligible except when specifically selected for by applying excess 
phage to a large population of sensitive bacteria. There has been no indication 
in K-12 strains of any association between phage resistance and biochemical 
requirements, as reported by Anderson (1946) for mutants of another coli stram. 

Several types of culture media were employed. The chemically defined 
minimal medium had the following composition, per liter: NEfiCl, 5 g; NffiNOj, 
1 g; NasSOi, 2 g; K2HPO4, 3 g; KH2PO4, 1 g; MgS04, 0.1 g; glucose, 5 g; aspara- 
gine, 1.5 g; CaCl 2 , trace; and trace element solution, 1 ml (as used ior Neumpora; 
Beadle and Tatum, 1945). Agar was added at a concentration of 1.5 per cent 
when required, but to avoid flocculation the medium and the agar were auto- 
claved separately at twice the flnal concentration, and mixed before pouring 
plates. It was found that some lots of Difco agar were sufficiently free of the 


growth factors under consideration to make special washing unnecessary. 

For nonsynthetic broths, “CC,” consisting of peptone, yeast e.xtract, and 
glucose, and “YB,” the Difco product “yeast beef broth,” were used. 

One-ml inocula from broth cultures of distinct mutants (separately or in 
various combinations) were added to 50 ml YB in a 125-ml flask, and incubat ^ 
for 24 to 48 hours at 30C with gentle shaking. After washing xvith sten-e 
distilled water, samples of about 10* cells were inoculated into minimal 
pour plates, to which various supplements had been added as required. ^ 


plates were incubated for 48 hours and inspected for the presence 


of visible 


XV/X XXVtllO 4XXXVX 1 1 xvjx uxxv/ . 

colonies. If these appeared, they were picked, suspended in sterile water, ^ 
tested for nutritional requirements. It was found that despite the heavy see 
of the plate, picking in this fashion ordinarily yielded homogeneous culti^i 
but for fmdher study strains were subjected to serial single colony i^o^ J ^ 
on CC streak plates. Virus susceptibility was ascertained by cross-strea a 
the phage and the bacteria on a nutrient saline agar plate, as recommen e 
Demerec and Fano (1945), and recording whether lysis occurred at the m ^ 


section. 


EXPERIMENTAL RESULTS 

Spontaneous mutations of bacteria in pure culture were studied ^ ^ 
liminary to the investigation of recombination. The over-all frequenc 
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random biochemical mutations in untreated cultures is less than O.l per cent 
although samples totaling not more than 5,000 cells have been studied so that 
the precision of this measurement is doubtful. In view of the low rate and ran- 
dom occurrence of such spontaneous mutations, however, they may be regarded 
as a negligible factor in this study. 

The spontaneous reversion of biochemical mutants to prototrophs is under 
detailed investigation (Ryan and Lederberg) and will be reported on more fully 
elsewhere. It has been found that most biochemical mutants will revert at a 
low rate, prototrophs being found in the proportion of 10~^ in 24-hour cultures 
of single mutants. Reversions of different factors are, so far as has yet been 
ascertained, entirely independent; as predicted from the low rate of reversion 
of the individual factors, in ca. 10^'’ cells examined no instance was found in which 
reversion had occurred at both loci of a double mutant. Such a coincidence 
would have led to the appearance of a prototroph in a culture inoculated with a 
double mutant such as T— L— . On the basis of these considerations, only 
double and triple mutants have been used in the study of recombination. 

The frequency of spontaneous mutations to virus resistance is of the same 
low order of magnitude as nutritional reversion. Mutations from resistance 
(Vi') to susceptibility (Vi) have not been described owing to the lack of efficient 
techniques for the detection of such reversions. 

Prototroph recombination types. Since coincidental spontaneous reversion at 
two or more loci does not occur at a sufficiently high rate to be detected, the 
presence of prototrophs in mixed cultures of multiple mutants is evidence for 
gene recombination. Each mutant is capable of synthesizing all the growth 
factors for which it is not deficient; therefore, different mutants should have 
alleles for all but the two or three mutant genes that characterize each 
strain. The segregation of prototrophic alleles of every gene into one cell would 
result in a prototrophic cell. It would develop into a visible colony on minimal 
medium, whereas other mutant cells would be unable to proliferate owing to 
the absence in minimal medium of their nutritional requirements. 

When washed samples of mixed cultures of B— M— P+T-j- and B+M+ 
P~T— were plated into minimal medium, about 100 colonies developed for 
each biih'on (10*) cells inoculated. No colonies appeared after inoculation of 
samples from the individual double mutants. One interpretation of the occur- 
rence of prototrophs, designated as B-f-M-f-P-f-T-f-, is that the P-h and T-j- 
genes of B-M-P-f T-f and the B-h and M-f genes of B-f-M-f P-T- Imve 
segregated into the same cell. This is a recombination hypothesis; alternatives 
will be discussed in the next section. 

The possibility must be considered that the prototrophs consist of some^ sort 
of association of the unaltered mutants. In a classical illustration of nutritional 
symbiosis, or syntrophism (Lederberg, 1946), Valentine and Rivers (1927) 
showed that Hemophilus cants and Hemophilus parainjluenzae,^ which require 
X and V factor, respectively, would grow in mixed culture in media lacking these 
substances. They concluded that an exchange of these growth factors, syn- 
thesized by the bacteria, occurred through the medium. While there is no 
good reason to doubt this conclusion, these authors did not, in fact, conclusively 



678 


E. L. TATUM AND JOSHUA LEDERBERG 


[vOL. 53 


demonstrate that this was the mechanism of the interaction. It is possible that 
cells were present in their mixed cultures which, as a result of gene recombination, 
required neither of the two factors. The situation is obscured by the use b 
these authors of“serial transfers of large munbers of bacteria. 

Syntrophism has been shown to occur with E. coli mutants (Lederberg, 1946; 
It is not likely, however, that it plays a significant role in the appearance c 
prototrophic colonies. Washed cells inoculated into minimal medium do no 
show syntrophism unless small quantities of thek required growth factors ar 
added. In minimal agar plates heavily inoculated with a washed mixed culturf 
a uniform turbidity does appear, which is ascribable to a limited exchange o 
factors and subsequent syntrophic growth. 

Evidence of several sorts has been obtained for the homogeneity and unique 
ness of prototrophs isolated from mixed cultures. Most significant, they are a 
least relatively stable, and attempts to detect mutant cells by an efficient selectivi 
technique (Lederberg and Tatum, 1946o, 1946b) have been unsuccessful. Mas 


sive doses of ultraviolet light, killing all but 10“® of the cells in the culture, were m 
more successful in breaking up the supposed associations. In addition, proto 
trophs obtained from B— M— P+T+Vi’' and B+M+P— T— Vi’ were studied 
Both susceptible and resistant cultures were obtained. Although one of th( 


parental strains is resistant, the susceptible cultures were uniformly lysed upoi 
application of the phage; on the other hand, there was no change in the nutn 
tional behavior of cultures of resistant prototrophs subsequent to the applicatioi 
of the virus, which would be expected, in an association of the originalmutants, 
to lyse the susceptible B+M+P— T— Vi® cells and leave only B— M-P+T+ 
Vi*. A nicotinicless mutant has been obtained by ultraviolet irradiation of a 
prototroph derived from P— T— and B— M— . The prototroph in which tbh 
mutation occurred could have been neither a heterocaryon nor an association o 
diverse types, since in either case the absence of nic+ genes in the mutant worn 
require the simultaneous mutation of more than one representative of this 
This coincidence is highly improbable. The microscopic examination of seede 
agar supported the conclusion that the cells of strain K-12 are well dispersed, w 
that most of the colonies that appear would be derived from single cells when o f 
a few hundred cells are inoculated per plate, as was done after the initial isolation 
of prototrophs. Single cell isolations from a “recombination prototroph s 
have been made by Dr. M. Zelle of the National Institute of Health; all o 
single cell cultures tested were of the same nutritional and virus-resistance tj^po 


as the culture from which they were isolated. i, » a? 

Transformation. The evidence just presented points to the conclusion t ^ 

prototrophs are a new type of cell, which did not arise by spontaneous c = 
in a single double-mutant strain. Gene recombination, which was poa 
above, is, however, not the only interpretation for the origin of these 
which would fit the evidence that has been presented. Alternatively, 
forming principles, analogous to those demonstrated for pneumococci^ 
types, might participate in these genetic changes. The postulated 
factors would be produced in one cell by genes in the “-f-” state, ana 
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fusion through, the medium ivould convert mutant genes in another cell into their 
active, prototrophic alleles. 

Since the conditions of the recombination experiments require that any 
transforming substance be present in the medium, an attempt ivas made 
to modify a nutritional mutant with a culture filtrate from another mutant. 
B+M+P— T— Vi® was grown in YB broth, and samples of 12- and 36-hour 
cultures were freed of cells by centrifugation and filtration through an ultra- 
fine sintered glass filter. The filtrate was diluted with an equal volume of YB 
and inoculated with B— M— Pd-T-f-Vi''. As a control, B— M— P+T-|-Vi‘’ 
cells were inoculated with B+M+P— T— Vi® into filtrate broth. After the 
cultures were incubated for 48 hours, they were analyzed for prototrophs by the 
methods described above. None were foimd in the B— M— P-f-T-f-Vi® cultures 
grown in the presence of B-f-M+P— T— Vi'' filtrate, indicating the absence of 
an active transforming principle in the medium imder these conditions. On the 
other hand, the growth in mixed culture of B— M— P-t-T+Yi® and B-r 
M+P— T— V/ cells resulted in the appearance of numerous prototrophs. 

This failure to demonstrate a transforming principle cannot be regarded as 
rigorous proof of its absence, since there may have been subtle, imdetected 
variations in the specific environmental conditions required for its activity. 
There is, however, further indirect evidence in a following section that such 
factors do not play an important role. 

Combinations of other E. coli strains and conditions for recombination. Pro- 
totrophs have been obtained consistently in “crosses” of a variety of multiple 
mutants derived from K-12. There has been no exhaustive attempt to define 
the most favorable conditions for recombination. The best results have been 
obtained in rich, well-buffered media, cultured at 30C for at least 6 hours with 
moderate shaking. High salt concentrations, low and high temperature, diluted 
media, low buffering capacity, and low pH appear to be inimical to the recombi- 
nation process even at levels which affect growth but slightly. Since E. coli 
strain B (Luria and Delbruck, 1943) has been used e.xtensively in studies of 
bacterial mutation, an attempt was made to demonstrate the occurrence of a 
recombination process in this strain. Mutants were obtained which are sum- 
marized in table 1. Prototrophs were not found in mixed cultures of the double 
mutants of B/r. S imila rly prototrophs were not found in mixtures of A 
P-bT-f (from B/r) and A-f M+P-T- (from £-12). There may be specific 
genetic requirements which must be fulfilled before recombmation will occur. 

Other recombination types. If prototrophs arise from the segregation into the 
same cell of -]- alleles of various genes, there should be present in the jjame cul- 
tures cells into which combinations of — alleles, different from those of the paren- 
tal types, have segregated. In looking for these types, B — 9 C— T-j-L-r 
Pi+Vi® and B-f ^-f C-bT-L— Bi-V/ were used, so that there were a%-ailable 
7 markers, some of which might be expected to segregate independently and 
give rise to new recombination types. _ - - 1 

In order to detect these tjqies, mixed cultures were plated into a mininial 
medium to which various supplements had been added, in different combinations. 
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In order to suppress the parental types, at least one of the requirements of each 
of the parental strains was withheld, and the supplements consisted of at most 
four factors, such as B, <l>, T, Bi; B, 4>, L, Bi; etc. An attempt was made at 
first to calculate the proportions of different recombination types simply from the 
number of colonies that appeared on different media. This method proved un- 
satisfactory with the markers used, since the variations in total numbers were so 
much greater than the differences found from one combination to another. 
Therefore, colonies were picked from various plates and suspended in water; 
growth after inoculation into a series of tubes containing all the supplements 


TABLE 2 


Relative proportions of various nutritional cell types in a mixed culture of 
B-d>-C-T+L+Bi+Vi‘ and B+,i,+C+T-L-Bi-Vi' 


TYPE 

NUUBSK OP 
THIS TYPE 
ISOUITED* 

KtIUBEE OP 
PEOTOTSOPHS 

EATIO OP THIS 
TYPE TO 
PEOTOTEOPHS 

EEiaiXS 


1 

(Parental tyj 

pe. Present i: 

n large excess) 


B-l-<#.-fC-J-T-L-Bi-Vx'^ 

(Parental type. Present in large excess) 


B-b^-t-C-l-T-l-L-f Bi-(- 

86 


1.00 

Prototrophs 

B-)-<#>-t-C-|-T-(-L-f-Bi— 

36 

37 

0.97 

Thiaminelesa 

— Xj-j-Bi-l" 

2 

31 

0.06 

Threonineless 

— Bj-f- 

4 

65 

0.07 

Leucineless 

B — ^-J-CH-T-f-L-f-Bi-f" 

5 

56 

0.09 

Biotinless 

C+T+L+Bi"!' 

1 

52 

0.02 

Phenylalanineless 

— T*4~L-f-Bi-f- 

1 

19 

0.05 

Cystineless 

B+^+C+T+L — Bi— 

3 

16 

0.19 

Possible single-re- 
version type 

B— ^ — C"|“T'}-L-hBi-i“ 

2 

41 

0.05 

Possible single-re- 
version type 

B-0-fC-l-T-bLq-B,-t 

3 

28 

0.11 


B — 

(Isolated in a similar experiment) 


B — ^ "t* (J 'i' L — B 1 f 

(Isolated in a similar experiment) 




* These figures do not include results of tests of virus resistance. Of 49 prototrop 
tested, 20 (41%) were resistant. Seven out of 20 thiamineless (35%) were resistot. 

t It should be noted that these types represent double-requirement recombina o 
types. 


but one was used to classify the types. Unusual types were checked sev ^ 
times. For those plates so supplemented as to permit the development o 
colonies of a given type, the number of that type obtained was compare m 
the number of prototrophic colonies picked. This method permits a 
ison of the relative numbers of prototrophs and of various other types, 
results of such an analysis are summarized in table 2. t R - 

In crosses between B— C— T+L-j-Bi-f and B-f^+C+T-h" ^ 
the recombination types B— (^+C+T+L— Bi-h, B— ^+C+T-Lt 
andB— if)+C+T-l-L+Bi— have beenfound. In addition, B—'^+^'f' 
was foimd in a mixture of B— C— P+T-h and B+^+C+P"'^'"’ 
thermore, there have been munerous instances of recombination t^es co 
of a single biochemical requirement coupled with resistance or with sue 
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ity, when that same requirement in the parental type was coupled with the al- 
ternative response to the virus. To account for these recombinants, we postulate 
a sexual phase in this strain of E . colt: a cell fusion which allows the segregation 
of genes in new combinations into a single cell. 

The alternative to this conclusion is that transforming substances, capable of 
mducing mutations m both directions, are present in the medium. No a^ogous 
system of transformations has been described. The possibility that spontaneous 
mutations for biochemical requirements occur in cells which are being trans- 
formed for other factors in one direction has been examined by looking for thia- 
mineless (B-f-^+C-f-T-f-L-l-Bi— ) mutants in a mixed culture of B— 0 — C — 
T-fL-fBi-t- and B-fc^d-C-t-T— L— Bi-f-. None was found among 80 colonies 
which appeared on thiamine-supplemented agar, although they occur at a con- 
siderable rate in combinations of B— C— Td~L-}-Bid- and Bd-i^d-C+T— 
L— Bi— , as aheady pointed out. Bilateral transformations cannot be dis- 
tinguished from a sexual process by the genetic analysis of a population. How- 
ever, the relative frequencies of various types, as shown in table 2, provides in- 
direct evidence on this point. In the cross between two triple mutants, the 
prototrophs are the most frequent type. This suggests that if transformation 
occurs at all, it is likely to affect all three ” loci. A priori, one would expect 
the types in which only a single locus had been transformed to be the most fre- 
quent. These data on frequencies of various classes must, however, be 
iateipreted with caution since selective differentials, which might operate even 
in a richly supplemented medium, have been neither completely controlled nor 
extensively studied. 


DISCUSSION 

A complete analogy cannot be drawn at present between the inheritance of 
bacterial characters and the Mendelian processes of higher forms. The oc- 
currence in mixed cultures of bacterial mutants of new types, which can be 
represented as recombinations of the characteristics of the original strains, sug- 
gests very strongly that hybridization and segregation take place. However, 
the details of the genetic structure of these bacteria have not been ascertained as 
yet. We do not know how many alleles govermng a particular character are 
present in each cell, how they divide in relation to cell division, nor their relation- 
ship to the nuclei which have been described in bacteria (Robinow, 1945). Fur- 
ther studies on the factors contributing to the relative proportions of different 
types may lead to the solution of these problems. Disparities in these pro- 
portions have already been mentioned; the apparent nonrandom segregation of 
phenotypic characters may be due to factor linkages, to cytoplasmic transmis- 
sion, or to other processes. A possibly similar situation has been reported in 
interspecific hybrids of yeasts by Lindegren (1945). Although the isolation of 
ascospores should allow precise tetrad analysis, in most instances there was not a 
clear-cut segregation of vitamin requirements, but, mstead, prototrop^ pre- 
dominated. This was ascribed to “a cytoplasmic mechanism . . . obscuring the 
Mendelian ratios.” 

The utilization of nutritional requirements in the study of recombmation 
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illustrates the principles of a more general method. Any mutation which can be 
selected for (or against) in competition with the parental types could be uaxi 
Comparable results should then be obtained with such characters as virus ts 
sistance, resistance to antibiotics and other chemical agents, sugar utilhatioi 
and agglutination with antibody or lysis in the presence of complement. Sub 
reagents may extend the general approach of recombination study" to organism 
which are not well adapted to the application of nutritional methods. 
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SUMMARY 

Evidence has been presented for the occurrence of character recombination ii 
the bacterium Escherichia coli. This suggests the existence of a sexual phase 
Recombinations of genes controlling several growth factor requirements anc 
resistance to a specific bacteriophage have been foimd. 
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Marked interest has developed in the past few years in the application of sonic 
and ultrasonic energy to biological systems. The method to be described in this 
paper was developed for the purpose of evaluating the effects produced when 
bacteria are treated by intense sound. So often in the literature which has 
appeared regarding the action of sound on various systems, the only criterion of 
the energy applied has been a rather inexact description of power in terms of that 
utilized by the electrical system driving the transducer employed. But no con- 
sideration has been given to the relative eflaciencies of the two systems, nor has a 
base line been established in terms of the energy actually being applied to the 
substances imder treatment. Electromechanical systems have been evaluated 
in terms of either power input of the electrical system or its power output, failing 
to take into consideration such losses as may occur either in the electrical system 
itself or in the transducer system. This also applies to the losses which must 
obviously exist in the extremely high frequency equipments which employ a 
quartz crystal, and in which the coupling between the oil and the container for the 
material being subjected to sound energies is comparatively inefficient. 

A series of experiments were imdertaken to try to evaluate various vibrational 
devices in terms of the effects produced on organisms. These experiments were 
particularly timely in view of the fact that much interest has developed recently 
in the use of intense sound energies for the disruption of bacterial cells as a means 
of antigen production. Various experiments were conducted in which plate 
colony counts were employed as a measurement of the usefulness of the treatment 
of a viable suspension, or culture, of an organism. Attempts have been made to 
estimate the effects produced in terms of changes in protein nitrogen as a result of 
the rupture of bacterial cells. Both of these methods are laborious and time- 
consuming. 

In the course of e^qjeriments conducted by the writer, one of the most notice- 
able effects was an increase in the apparent transparency of a suspension of 
organisms with the time of treatment. Consequently, a series of turbidimetnc 
measurements were made and are reported herendth. 

METHODS AND EQUIPMENT 

Vibrational method. A combination comprising an electronically operated 
oscillator connected to a magnetostrictor transducer made by the Radeon 
Manufacturing Company, Waltham, Massachusetts, was used for most of th^ 
experiments. This particular device had been developed as a laboratoty umt for 
the treatment of small quantities of liquids at intense sound levels. T e e ec n 
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All absorptions are reported in terms of an absorption coeflBcient multiplied by 
a constant. Had cells been used with parallel faces that were optically flat, 
this constant would have been proportional to the length of the absorbing path. 
However, since test tubes were employed, the ordinates of the accompanying 
graphs represent the absorption coefficient multiplied by a constant, and this 
numerical value equals the difference between the natural logarithm of the trans- 
mission with no organisms in the suspending liquid, and the natural logarithm of 
the transmission of the liquid with organisms present. 

It will be noted in all the curves presented herewith that with increased time of 
treatment there is a tendency for the curves to become asymptotic, but that the 
apparent position of this asymptote along the axis of absorption coefficients 
does not coincide with zero. A rather obvious explanation of this fact is that 
the residual absorption represents the fragments or “ghosts” of destroyed 
organisms. Checks made by colony counts have shown that the concentration 
of viable organisms under treatment will, in the case of E. coU for instance, de- 
crease to less than 0.1 of 1 per cent of the initial concentration in less than 5 
minutes’ exposure to sonic energy. In other words, an initial concentration of 
approximately 10* organisms per ml will have been reduced to 10* organisms per 
ml after 5 minutes’ vibration. Consequently, the error introduced by super- 
imposing a concentration scale on the scale of absorption coefficients, as was done 
in figure 1, is extremely small. 

EXPERIMENTAL WORK 

E. coU: The effect of voltage. A unit quantity of a 21-hour culture of E. coU, 
strain B, obtained from the Johnson Foundation, University of Pennsylvania, 
was treated at approximately 9,000 cycles per second with the system adjusted 
to resonance and progressive decrease in turbidity measured at three voltage 
levels across the transducer. The results of this experiment are shown in figure 1 . 

Effect of 'power and time. From these data figure 2 is constructed showing the 
interrelationship of power (as a function of voltage), time, and concentration of 
a unit quantity of culture. A series of curves such as these could be of par- 
ticular interest for selecting the proper time, or voltage, or power required in order 
to accomplish a specific effect in terms of concentration percentage. 

Effect of variation of quantity. Figure 3 shows the decrease in effectiveness of 
treatment, in terms of the absorption coefficient of the suspension of organisms, 
with increase in the quantity of material being treated. 

Figure 4 shows the decrease in turbidity of a 20-ml culture of H. coli 
in 4 minutes of treatment with a different transducer from that employed in the 
previous experiments. 

Proteus vulgaris. Proteus vulgaris was selected as being an organism producing 
a fairly high degree of turbidity in a comparatively short time in a nutrient 
broth, and responding easily to rupture by intense sound energy. In this par- 
ticular experiment, after many adjustments a frequency was selected in which 
the effectiveness of treatment, as measured by the progressive decre^e of tur- 
bidity of the culture, was found to be at a maximum. The curve A in figure 5 
shows the change in turbidity with respect to time at a frequency of 9,045 cycles. 
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Fig. 1. Decbbasb in Tebbiditt of E. com Cultcbb When Tbbatbd Sonioai.lt 
AT Different Voltage Lbtbls 



Fig. 2. Helationship Among Concentration of E. com Ccltobb, Tiub of 
Treatment, and Power as a Function of Voltage 

This particular frequency is of no significance, in the opinion of the writer, 
as organisms themselves are concerned, and only represents that freque^'^-' ^ 
which the transducer system with its liquid load is most efficiently 
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Fig. 3. Relationship Between Quantity op Cultube Undeb Tbbatubnt and 
Epfectiteness op Bacteeioclasis 



FiqJ Decbease in Ttjbbidity op E. coli Cultube with Incbeased Tiue op 

Tbeatment 
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It is a function only of the electrical and mechanical components of the system 
and is in no way associated with the dimensions of the organism or its specia 



Fig. 5, Toubidity Changes When Pbotbtjs vtjlgabis Is Treated at Reso-hahcj 

AND Dissonance 



However, in order to demonstrate the signiBcance of dissonance in 
effectiveness of cell rupture, the frequency was altered by 50 cycles on ^ 
of the selected optimum of 9,045 cycles. Curves B and C in figure 
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demonstrate the significance of even so small a change as 50 cycles in the tuning 
of the system. It will be noted that curves B and C very nearly coincide, and 

.150 

KC 

.100 

Fig. 7. Changes in the Tobbiditt of a Stheptococcds Chltuse with Tiub 

OF Teeatment 



5 10 15 SO 


TIME IN minutes 



from this one may assume that, for the particular condition of the experiment, 
9,045 cycles was very nearly the most eflScient frequency. 
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Bacillus subtilis. Bacillus subtilis was found to be one of many organiscij 
comparatively resistant to destruction by means of sonic energy. Figure 6 
shows the decrease in turbidity with time of a 10-ml culture of Bacillus sublili} 
treated for a total period of 20 minutes at constant voltage and at maximum 
effective frequency. 

Hemolytic streptococcus. Figure 7 shows the decrease in turbidity of a culture 
of hemolytic streptococcus (Lancefield’s group B) with time of treatment, at 
approximately 9,000 cycles per second. Ten ml of the culture were used. Cor 
stant voltage was maintained and the time of treatment was extended to 2 
minutes. 

Neisseria gonorrhoeae. A comparatively turbid suspension of Nemcn 
gonorrhoeae in Locke’s solution was treated in the cup transducer for an e.t 
tended period of time, and the decrease in turbidity measured at frequent in 
tervals up to 10 minutes. In this case, Locke’s solution was used as a blanl 
rather than a sterile culture medium. The suspension was furnished to tb 
laboratory by Dr. H. E. Stokinger of the University of Rochester, who subiC 
quently reported to the writer that at the end of the treatment period no intaci 
cells could be detected microscopically. Figure 8 shows the change in turbiditj 
of this suspension with time of treatment. 


DISCUSSION 


The method of measuring the effectiveness of destruction of bacterial or- 
ganisms by changes in turbidity of the solution under treatment would appear to 
be a simple one by which some base line of comparison between various vibratos 
devices can be established. Because of the difficulty of determining, or 
estimating, the proportion of energy supplied by the electrical component of ao) 
particular system which is being transferred to the liquid under treatment, tti 
method of evaluation, in terms of the effect produced, would seem to be »ouri' ■ 
Furthermore, if the effect produced by a particular device is measurable, i 
becomes a means of gauging adjustment for most effective operation. 
with the present widespread interest in the application of sonic, supersonic, 
ultrasonic energy to various systems, there is a real need of some means by - 
these various systems in use can be compared with one another. By tbb 
nique the results obtained by one investigator with one type of appamtus 
be compared with those of another, employing a different type of equipmc'' ^ 
In the past, attempts have been made to measure the effectiveness of re 
of bacterial cells by means of colony counts, which is undoubedly 
a comparatively few individuals are involved, but in the concentrations 
are of interest to those experimenters who are concerned with the rupture ^ 
concentrations of organisms, for the purpose of the extraction of their ce 
tents, either for production of antigens or for purposes of study, a simp 
method with a reasonable degree of precision would seem roost use 
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SUMM.VIJY AND CONCfiUt^lONa 

A motbod is submitted I'ov tbo turbidimotrio ovivUuitiuu of bnotoriid (lisnii)li()a 
by soldo onovgi' thiit seems to liavo a high degree of roi)roduoil)ilit.y. 

This method appears sensitive to eompavativoly small ehaugos in cither the 
device which applies sonio energy to the liquid under treatment, or changes in the 
quantity of liquid or time of treatment of tho material. 

This method is iudopondont of tho instrument used for the measuroiuout of 
turbidity, because of tho fact that tho lindings are rooordod in terms of tho ab- 
sorption coellioionts multiplied by a oonstnnt. 
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Two strains of Aciinomtjees shoiving antibacterial properties of special interest 
were isolated from greenhouse soil during a search for antibiotics effective against 
gram-negative and acid-fast microorganisms. One strain, designated as A-10, 
appears to be a variant of Actinomyces lavendulae. Although a similarity to 
streptothricin (Waksman, 1945) was noted in the spectrum obtained from limited 
antibacterial tests in which the unpurified product of A-10 was used, the culture 
differed so much in appearance, nutritional requirements, and other respects 
from A. lavendulae, a known producer of streptothricin, as to merit further study. 
More extensive antibacterial tests, performed later with the purified antibiotic, 
showed it to be distinct from streptothricin. We have named it lavendulin. 

The second strain of Actinomyces was found to produce an antibacterial sub- 
stance resembling streptothricin and streptomycin but distinct from either of 
these. This strain of Actinomyces, designated as A-105, resembles in some 
respects Actinomyces erythreus, A. fradii, A. albosporeus, and A. califomicus 
without being unmistakably one, or a variant of any, of these species. We have 
named the antibiotic produced by strain A-105 actinorubin because of the char- 
acteristic red mycelium which the organism forms on many media. 

This paper describes the methods by which the strains of Actinomyces were 
isolated, their cultural characteristics, the cultural conditions which were ob- 
served to yield maximum production of the antibiotic substances, and their anti- 
bacterial properties in vitro. The methods for the chemical purification of 
lavendulin and actinorubin will be described elsewhere by Junowicz-Kocholaty 
and Kocholaty. The chemotherapeutic studies on lavendulin and actinorubin 
will be published by one of us (Morton, 1947). 

Methods used in isolating from nature organisms which inhibit bacteria. The 
methods used for isolating and testing A-10, A-105, and A-82, the latter an 
organism producing an antismegmatis factor (Kelner and Morton, 1946), were 
similar. Our procedures were adapted from those described by Waksman, 
®ugie, and Schatz (1944) and in general resembled those described by Emerson 
ci al. (1946). The actinomycetes were isolated frorn greenhouse soil (a rich 
and convenient source) by plating the soil in nutrient agar and selecting colonies 

’ This project has been supported by the Smith, Kline, and French Laboratories, Phila- 
delphia, Pennsylvania. . v 

’Present address: The Biological Laboratory, Long Island Biological Association, 

old Spring Harbor, Long Island. 
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of actinomycetes for isolation. The selection of colonies of acUnomycetes v.ii 
made entirely at random, no attempt being made to pick colonies differing fas 
one another in appearance, nor to favor colonies which were inhibiting other 
organisms gro^ving in the same plate. We assumed that different strains of tie 
same species of Actinomyces differed in antibiotic potentialities and that colonicj 
apparently inactive on the primary isolation plate might be active producers if 
antibiotics after prolonged incubation. Preliminary enrichment of the soil with 
dead or living bacteria was not found necessary, nor was the soil plated out cs 
washed agar containing living bacteria as the sole nutrient. This confirmed the 
findings of Waksman and Schatz (1946), who showed such techniques to be ci 
little value. The preliminary screening of the isolates for antibiotic activity sn 
made by growing them on plain nutrient agar for 4 to S days at room temper- 
ature, after which their action against Escherichia coli, and sometimes J/yco- 
bacterium smegmatis, was determined by streaking the bacteria on the same pbu 


and observing zones of inhibition. 

Actinomyoetes markedly inhibiting one or both bacteria were regrown, arJ 
tested this time against eight species, Staphylococcus aureus, E. coli, EbcrLhilU 
typhosa, M. smegmatis, Neisseria catarrhalis, Bacillus mycoides, and Badl'J 
subtUis. This limited spectrum was selected as likely to indicate the possibility 
of previously unknown antibiotics. Actinomycetes that it seemed desirable to 
study further were grown in fluid media at 28 C . This was a criterion used in tbe 
screening process, for the many organisms which showed great activity on agif 
but produced little or no antibiotic in fluid media were considered to be of no 
practical value. The cultures were first grown in three representative fluil 
media — nutrient broth, nutrient broth plus glucose, and starch tryptone broth. 


For stationary cultures the media were made semisolid with 0.25 per cent agir. 
Isolates failing to form antagonistic substances in one of the media of at least .U 
dilution imits per ml against Escherichia coli or Mycobacterium sinegmlu wc-'i 
discarded, i.e., a 1 ;20 dilution of the Actinomyces culture in agar failed to inkh.' 
the growth of these two microorganisms. The spectrum of the more promi;.“5 
antagonists was redetermined, using the agar dilution assay method, 
relative sensitivities of the eight bacteria were usually similar to those obtaineu a 
the first spectrum, but often marked differences appeared. By systemi'- 
variation of the best of the three media it was often, but not always, posaib-^ ^ 


increase the yield 2 to 20 times. No chemical purification of the antagom;- 
substance was attempted unless it was possible to obtain crude filtrates 
at least 100 dilution units per ml of agar against E. coli. The majority oi ^ 
tagonists isolated yielded filtrates assaying no more than 20 or 40 dilution u-. 


and unless the titer was easily raised, these were abandoned. . . 

The cultural characteristics of the Actinomyces cultures, and such 
the antibiotic as the detailed spectrum, stability to heat, acid, and alku-. - 
lation of activity to pH, salts, etc., yielded additional evidence 
novelty of a crude antibiotic. It was recognized, however, that 
chemical analyses of the purified antibiotics was also necessary in detenm--' 


their newness. 
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One of the tests used in evaluating a crude antibiotic was its toxicity when in- 
jected intraperitoneally into mice in 1- or 2-ml portions. It was realized that 
the amount of active substance present in the injected material might be too small 
to produce evidence of an inherent toxicity. Similarly, with an impure prepa- 
ration an observed toxicity could not be attributed with certainty to the active 
principle. Nevertheless the e.\perience of Fleming (1929), who demonstrated the 
low toxicity of penicillin before its chemical purification, indicated the usefulness 
of the test. 

Mice tolerated sterile culture media such as the three afore-mentioned basic 
media used for actinomycetes, as well as glucose yeast-extract peptone broth, 
Czapek, and Raulin’s medium (pH 4). Media containing com steep were toxic. 
Filtrates of cultures of Actinomyces anlibioiicus (cmde actinomycin) and Pen- 
icillium flexiwsum (probably crude clavacin) killed mice. The great majority of 
the filtrates of strains of Actinomyces, which inhibited E. coli or M. smegmatis at 
a dilution of 1 : 20 or 1 : 40, did not kill mice. Toxic filtrates were not common. 
When a choice had to be made between antibiotics, both equally promising in 
other respects, the toxicity was the determining factor. Several cultures were 
discarded on this basis. 

All assays at this stage w'ere done by the agar dilution method, in Difco nu- 
trient agar of final pH 7.3. The growth in the assay agar of some organisms, such 
as A-105 which developed at 37 C, was suppressed by adding crystal violet in the 
final concentration of 1:1,000,000 to the nutrient agar, which did not alter the 
end point but did facilitate reading of the plates. Crystal violet agar was also 
useful for the assaying of nonsterile filtrates from bacilli and aspergilh. 

Cultural requirements of strain A~10. Strain A-10 cannot be grown for more 
than a few generations on glucose asparagine agar, a medium on which a strepto- 
thricin-producing A. lavendulae, which we have examined, grows well. On a 
richer medium, such as nutrient agar, which supported its growth, sporulation of 
A-10 was poor. A search was made, therefore, for a medium rich enough to per- 
mit growth and to stimulate sporulation of Actinomyces A-10. Tryptone starch 
agar fulfilled these requirements; it was further enriched without sacrifice of its 
sporulation-stimulating properties. The final medium (M-130) contained 5 
g tryptone, 10 g starch, 3 g Difco beef extract, 2 g glucose, 1.2 g NajHPOi, 0.8 
gKHzPOi, 0.1 g FeS 04 - 7 H 20 , and 15 g agar. The ingredients were dissolved in 
1,000 ml potato extract made by simmering 400 g white potato slices for 40 
minutes in 1,000 ml water (distilled water, or preferably, spring water). The 
decanted liquid is used.® Not only A-10 but most of the 200 strains of Actino- 
myces isolated during the investigation grew and sporulated well on this medium. 

Media for the 'production of lavendulin. Titers of 200 to 400 dilution units 
against E. coli were formed by A-10 when grown in stationary culture at 28 C 

* In at least two cases potato extract was also useful as a substitute for corn steep in 
media for the production of antibiotics. Either fresh potato extract or com steep stimu- 
lated antibiotic production by a Bacillus (H-40), and either fresh or dried potato extract 
(kindly prepared for us by the Difco Laboratories) or corn steep stimulated antibiotic pro- 
duction by an Actinomyces (R-13). 
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on a medium containing 5 g Difco peptone, 3 g Difco beef extract, lOgglucoa', 
20 ml molasses (“Brer Rabbit,” green label), 2.5 g agar, and 1,000 ml distillcxi 
water; pH 6.0. The peptone could not be replaced by tryptone without reduvs 
tion in the yield of antibiotic. A detailed study of nutritional requirements for 
stationary cultures was not made. The maximum titer is reached about the 
sixth day, at which time the pH is about 5.6. The medium at this time is covend 
by a thick, gray, partially submerged pellicle. 

In shake cultures a study was made of the effect of beef extract on the yield of 
antibiotic. Table 1 shows that in the presence of beef extract the yield h re- 
duced; the medium also becomes much more acid, suggesting that growth L'ictors 
or salts contained in the beef extract affect the type of carbohydrate metabollim. 


TABLE 1 


Effect of varying the composition of the culture medium on the production of lavinduUn 


XCEDimi 

DAYS 

2 

3 

1 

4 

M-12Q* 

pHt 

Activityt 

4.5 

40 

4.6 

20 

4.2 

M-10.6§ 

pH 

Activity 

8.2 

200 

8.2 

100 

8.2 

40 

M-lO.Oll 

pH 

Activity 

5.8 

200 

7.4 

200 

7.8 

200 (400) 

M.10.5^ 

pH 

Activity 

7.4 

400 (1,000) 

7.4 

400 (1,000) 

7.4 

1,000 


• M-120 — 5 g Difco peptone, 3 g Difco beef extract, and 10 g glucose, 
t The pH of the culture at the time of assay. 

t Activity expressed in dilution units per ml of agar against E. colt. The 
parentheses indicate almost complete inhibition of E. coli at the dilution indicateu. 

§ M-10.6 — ^M-120 without beef extract. . ^ 

11 M-10.0— 5 g Difco peptone, 3 g Difco beef extract, 10 g glucose, and 20 ml mo • 
^ M-10.5 — M-10.0 without beef extract. 


Our best medimn for the production of antibiotic is one composed of 5 g ‘ ^ 
peptone, 10 g glucose, and 20 ml molasses in 1,000 ml distilled water, *• 
1,000 dilution imits against E. coli have been obtained consistently. 

Cultural characteristics of Actinomyces, strain A-105. Strain A-105 ts c 
acterized by abUity to grow well on Czapek agar, by lack of soluble pig®cQ ^ • 
fa’dure to blacken peptone media; by a yellowish to intense red vegeta 
celium and by white to pink aerial mycelium. Oval conidia are borne w t ^ 
and spirals are abundant in many media. Optimum temperature 
37 C; very poor grow'th was obtained at 15 C. Action in milk is varmb 
is liquefied. On nutrient agar containing 3 to 5 per cent glycerol, t e inj^ 
was yellow to an intense fuchsinlike red color, especially on first iso . 
w’ith no spores. The red mycelium is characteristic on calcium ma a 
Czapek agar, and also on most media in the presence of a Bacillus con 
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Media for the prodxiction of actinorubin. Crude actinorubin for chemical study 
was produced by surface cultivation at 28 to 30 C on a medium composed of 5 
g Difco tryptone, 1.2 g Na2HP04, 0.8 g KHjPOj, 0.5 g MgSO^-THaO, 0.5 g KCl, 
0.01 g FeSOi-THjO, 10 g white sugar (commercial or purified sucrose), 2.5 g 
agar, and 1,000 ml distilled water; final pH was 6.8 to 7.2. 

In surface culture, tryptone could be replaced, with somewhat reduced yields, 
by asparagine, “phytone,” or dehydrated skim milk, but not by Difco peptone, 
neopeptone, nitrates, or gelatin. In the presence of Difco peptone, the medium 
became alkaline very much more quickly than with tryptone. This increase in 
alkalinity may be indirectly the cause of reduced antibiotic production. White 
sugar (sucrose) could be replaced by brown sugar, molasses, or lactose with an 
equal or a somewhat reduced yield of antibiotic. Starch and glycerol were un- 
satisfactory. 

Unless iron was added to the medium, antibiotic production was very low, 
although growth was relatively unaffected. As little as 5 mg FeS04-7H20 per 
liter of medium gave good yields of the antibiotic. Use of 20 mg FeS04-7Hj0 
decreased the yield slightly and caused the pH of the medium to fall to 5.6 to 6.0 
within 7 days, as compared to pH 7.0 to 7.4 for media containing 10 mg FeS04 • 
7H2O. Slight changes in the concentration of MgS04 and KCl had little effect. 

Little or no antibiotic was produced in the white sugar tryptone medium (agar 
omitted) in shake culture, apparently because of very poor growth. Good 
yields were obtained, however, if 10 ml molasses (“Brer Rabbit,” green label) per 
liter were substituted for the white sugar. Equal or somewhat reduced yields 
were also obtained if brown sugar, lactose, or starch was substituted. There was 
no antibiotic produced in plain nutrient broth. In a molasses tryptone medium 
containing only 25 per cent as much phosphate as usual, the yield was reduced by 
about one-half. The importance of the carbohydrate-nitrogen balance is in- 
dicated by rapid alkalinization and reduced yield when 10 instead of 5 g tryptone 
per hter of medium were used. 

In surface cultivation on the white sugar tryptone medium, 200 to 400 dilution 
units per ml against E. coli were obtained in 8 to 10 days. The pH tended to rise 
to 7.2 to 7.5 in the first 3 to 5 days, slowly drop to 6.6 to 6.8 at about the tenth 
day, then slowly rise during the next week to about 7.8. In brown sugar and 
molasses media, the maximum production of antibiotic was reached in 5 to 6 
days. The white sugar medium was preferred because of its greater simplicity 
and because the maximum titer, once reached, persisted longer. 

Table 2 shows two experiments in shake culture in molasses tryptone medium 
at a temperature of 28 C, and illustrates the variation encountered. Yellow to 
salmon-colored, moderately coarse pellets were produced in shake culture in the 
molasses tryptone medium. 

Bacterial spectrum of lavendulin and actinorubin. Partially purified prepa- 
rations of the two antibiotics (Junowicz-Kocholaty and Kocholaty, to be 
published) were used for a comprehensive study of the action of lavendulin and 
actinorubin on a variety of bacterial cultures. Serial twofold dilutions of the 
active substances were made in Difco nutrient broth adjusted so as to have a 
reaction of pH 7.3 after sterilization. One loopful of the culture under test was 
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inoculated into each dilution tube and a control tube of the culture medium. 
Incubation of the tests was at 37 C for 18 to 20 hours. The antibiotics we.-e 
standardized against E. coli, strain P216. The smallest amount of the antibiotic 
per ml of Bacto-nutrient broth, pH 7.3, which prevented growth of E. coh' under 
the conditions of the test was designated as one dilution unit. The results ti 
testing the two antibiotics against many strains of microorganisms are sum- 
marized in table 3. 

From the data listed in table 3 it appears that, in general, actinonibin .'ui i 
lavendulin are similar in their antibacterial action against most strains of mi- 
croorganisms. However, the differences in the susceptibilities of Corijnehaclmw^i 
diphiheriae, PI, Micrococcus aurantiacus, P103, and Sarcina lulea, PC, to the two 
antibiotics were greater than the anticipated experimental error. 

At the time our tests were being conducted. Price, Nielsen, and Welch (19 IG) 
reported on the sensitivity of Bacillus circulans to streptomycin. We obtained a 
subculture of this strain of B. circulans from these authors and tested its sen- 

TABLE 2 


Production of actitiorubin in shake culture with tryptone molasses medium 



1 

2 

3 

4 

5 

6 

7 

S 

> 

11 











pH* 


7.0 


7.2 

7.8 

8.0 



m 

■ 



400 

^3 Tw)! 

^3 


200(400) 



MCKtM) 


pH 

B.S 

7.0 

7.8 

7.8 

8.0 

7.3 



m 

200(400) 


40(100) 


40(100) 

40 

30 

ij,n’ 







* The pH of the culture at the time of aasay. 

t The dilutloa unite per ml of agar determined against B, eoli equal the inhibiting dilution. 
parentheeee indicate almost complete inhibition of B, coli at the dilution indicated. 


sitivity to streptomycin sulfate, lavendulin, and actinorubin in Difco nutneat 
broth, pH 7.3, by our technique of assaying. The sample of streptomycin sul/st^ 
was assayed against the strain of E. coli employed for standardization of hvea- 
dulin and actinorubin and under the same conditions employed for assaying thoc 
antibiotics. B. circulans was 32 times more resistant to actinorubin anJ-^ 
times more resistant to lavendulin than to streptomycin. Another memKr c 
the genus Bacillus, B. megatherium, P97, was tested against the three andbiu.-^ 
under identical conditions. It was 16 times more resistant to actinorubin ^ 
to streptomycin. Its resistance to lavendulin and streptomycin was of the ja- 
order. From the results obtained by testing B. circulans and B. 
agamst streptomycin and actinorubin it appears that the two antibiotics - 
different. 

In a personal communication from an investigator (Dr. E. J . Pulaski) 
in another laboratory with many of our cultures, it was stated that C ai- - 
bacterium violaceum, P104, and Serratia marcescens, P-l, were equally suictp- 
to streptomycin. The differences in susceptibility of these two 
actinorubin and lavendulin (table 3) suggest that both actinorubin 
dulin are different from streptomycin. 















TABLE 3 

Bacterial spectrum of actinorubin and lavendulin 



ST2AIK 

NxmsEz or oaunoif nfira/ia. ixHiaiT- 

IKC TEST OECAKISU* 



Actinorubin 

Lavendulin 


P41 

0.25 

0.5 


P61 

2 

4 


P60 

4 

4 


P119 

2 

8 


P109 

32 

64 


P112 

0.5 

0.5 


P156 

0.25 

0.06 


P33A 

8 

8 

Bacillus tnycoideSf Waksman 

P34A 

16 

32 


P7 

0.01 

0.03 


P23A 

0.5 

0.125 


P219 

8 

16 

Brucella abortus^ 

PISA, P62 

4 

16 

Brucella 7neliUnsis\ 

P80 

8 

8 

Brucella sui’at 

P64 

16 

32 


PKH 

0.015 

0.025 

Corynebacterium diphtheriae 

PI 

0.015 

4 

Corynebacterium xerose 

P83 

0.004 

0.007 

Diplococcus pneumoniaci 

P27, P29 

>128 

128 

Eberihella typhosa 

P115 

0.25 

0.015 

Eberthclla typhosa^ nonmotile 

PH 

0.5 

1 

Escherichia coli 

P216 

1 

1 

Escherichia communior 

P218 

0.5 

1 

Eaffkya tetragenae 

P43 

0.03 

0.015 

Klebsiella pneumoniae 

P163A 

0.125 

0.03 

ificrococcus aurantiacus 

P103 

0.007 

0.000007 

Hycobaclerium smegmalis. 

P49 

1 

1 


Ravenel 

8 

> 6 


P66 

0.03 

0.06 

Proteus vulgaris 

P98 

1 

2 


P186A 

32 

128 

Salmonella enteriiidis 

P51 

0.25 

0.25 

Salmonella paratyphi 

P198A 

0.25 

0.06 

Salmonella acJiottmuelhtri 

P35 

0.125 

0.125 

Sarcina lutea 

P6 

0.007 

0.5 


P4 

4 

4 

Shigella dysenteriae 

P52A 

1 

2 


P21 

1 

2 


P210 

0.06 

0.015 


P24 

128 

128 


P169 

>128 

>128 


P26 

128 

128 



8 

16 

yihrio comrmi 

P215 

0.5 

0.25 


* One dilution unit is the smallest amount of the antibiotic per ml o co nu nen 
broth, pH 7.3, which prevents growth of E. coli under the conditions o t e es as 
Bcribed in the text. 


t Bifco tryptose broth. Incubation period, 48 hours. . .-.i j - ..ont 

t Difco nutrient broth, pH 7.3, to which were added 0.5 per cent IvaCl and o p 
sterile, defibrinated, normid horse blood. , . ^ i, - „ 

5 Teat made using the medium described by Crumb (1946) and the techmque described 
by Wells (1946). 
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In some earlier work we tested streptothricin and a streptothricinlike (x::;. 
pound for their antibacterial spectra. It was found that Corynebacterium zcrc:i 
was about as resistant as E. coli to streptothricin. The great susceptibility of ths 
strain to actinorubin and lavendulin suggests that these two antibiotics m 
different from streptothricin. 

Development of tolerance of E. coli to actinorubin, lavendulin, streptothricin, crd 
streptomycin. E. coli, P216, was inhibited by 0.06 units of streptomycin per nl 
of Difco nutrient broth, pH 7.3, for 48 hours at 37 C. ' At 48-hour intemls a 
new series of tubes of nutrient broth containing serially decreasing amounts ci 
streptomycin was inoculated with 0.1-ml amounts of the culture growing in the 
maximum amount of streptomycin in the previous series of tubes. In the 
second and fourth series there was a gradual increase in the resistance of E. ali 
to streptomycin, each series of cultures being about twice as resistant as the 
previous series. The fifth serial transfer of the culture in the presence of strep- 
tomycin showed an abrupt change in tolerance for the drug, there being about a 
16-fold increase. The organisms in the eighth series were over 100 times more 
resistant than those in the fifth series. In the twelfth serial transfer E. cdi 
grew nearly as well in the presence of 1,600 units of streptomycin per ml cf 
nutrient broth as in the nutrient broth avithout streptomycin. This represent;''] 
a more than 26,600-fold increase in resistance of the culture to streptomycin- 
When this streptomycin-fast strain of E. coli was tested against lavenduEn, 
actinorubin, and streptothricin, it was found to be nearly as susceptible to^ the 
three drugs as was the normal culture of E. coli. In the case of streptotbncm, 
growth of the streptomycin-fast strain took place one tube earlier in the sent' 
than did the normal strain, whereas in the case of lavendulin and actinorubi 
growth took place two tubes earlier in the series than did the normal cultun 
Although these results represent a 2-fold or 4-fold increase in resistance, they ar 
within the range of e.xperimental error. When growth of the streptomycin-fai 
strain occurred in any of the tubes, it was s imila r to that produced by the norma 
strain of E. coli. In these results, also, streptomycin differed from =trtp 


tothricin, actinorubin, and lavendulin. 

During 10 serial transfers of E. coli, P216, in Difco nutrient broth (pH 
containing actinorubin by a technique described above for streptomycin, ^ 
culture developed a 64-fold increase in resistance to actinorubin. VVhcn t 
actinorubin-fast strain was tested against streptomycin, streptothncm, — 
lavendulin, it appeared to be slightly more resistant to all three compou^i- 
The actinorubin-fast strain was 16 times more resistant to strep tomyc'm am 
times more resistant to streptothricin and lavendulin. Growth of 
rubin-fast strain was about one-half as vigorous as that of the nonna s- ^ 

During 10 serial transfers of E. coli, P216, in Difco nutrient broth (p 
containing lavendulin by a technique described above for streptomycin, 
culture developed a 32-fold increase in resistance to lavendulin. ' 
lavendulin-fast strain was tested against streptomycin, streptothncm, ^ 
dulin, and actinorubin, it was foimd that the increase in resistance to 
four antibiotics was of the same order. Growth of the lavendulin- 3 


was about one-half as vigorous as that of the normal strain. 
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During 10 serial transfers of E. coli, P216, in streptothricin (medium and tech- 
nique as above), the culture developed only an 8-fold increase in resistance to the 
antibiotic. "WTien the streptothricin-fast strain was tested against streptomycin, 
actinorubin, lavendulin, and streptothricin, it was found that the increase in 
resistance to each of the four antibiotics was of the same order. Growth of the 
streptothricin-fast strain was about one-half as vigorous as that of the normal 
strain. 

From these studies on drug fastness of E. coli to streptomycin, streptothricin, 
actinorubin, and lavendulin, it is readily apparent that actinorubin and lavendu- 
lin are distinct from streptomycin. Differences between actinorubin, lavendulin, 
and streptothricin were not readily detected by this method of testing. The 
usefulness of this method of testing antibiotics was pointed out by Eisman, 
Marsh, and Mayer (1946). 

Effect of NaCl and blood upon the aciivily of actinorubin and lavendulin. Anti- 
bacterial tests were made in Difco nutrient broth, pH 7.3, employing twofold 
(Flutions of the antibiotics and E. coli as the test oiganism, as described pre- 
viously. When NaCl was added to the medium to the concentration of 0.8 per 
cent, 128 times more actinorubin and 256 times more lavendulin were required 
to inhibit the test organism as compared to the amounts of the antibiotics 
required to inhibit the test organism in the absence of added NaCl. The 
addition of 10 per cent sterile, defibrinated horse blood to the Difco nutrient 
broth containing 0.8 per cent NaCl did not alter the activity of the antibiotics. 

Preliminary tests of the action of actinorubin and lavendulin in mice were 
promising (Kelner, Kocholaty, Junowicz-Kocholaty, and Morton, 1946) and are 
being reported elsewhere (Morton, 1947). 

SUIDLART 

Two strains of Actinomyces have been isolated ■which produce substances that 
appear to be different from previously described antibiotics. One of these new 
substances has been named actinorubin, the other lavendulin. 

A description of the two strains of Actinomyces is given as well as conditions of 
growth for maximum production of the antibiotic substances. 

The bacterial spectrum of actinorubin and lavendulin is given. The two 
substances appear to be different from each other and from streptomycin and 

streptothricin. 

Much greater resistance of Escherichia coli to streptomycin could be developed 
than resistance to actinorubin or lavendulin. 
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Bacteriophages active against Pasteurdla peslis have been described by a 
number of workers, including Flu (1927), Sugino (1932), Advier (1933), and 
Girard (1942). The subject has been reviewed by Harvey (1933) and Wu et al. 
(1936). This report describes certain relationships of P. pestis to Pasteurella 
pseudoluberculosis and to Salmonella and Shigella strains, as shown by bac- 
teriophage action and confirmed to a limited extent by agglutination tests. 

BACTERIOPHAGE EXPERIMENTS 

Materials. The strain of phage used in this study was obtained from the 
Pasteur Institute of Dakar, Senegal, in 1945. It was originally isolated from a 
positive blood culture prepared from a clinical case of bubonic plague (Advier, 
1933). The phage was passed several times in contact with liquid and solid 
cultures of P. peslis, avirulent strain A1122 (Jawetz and Meyer, 1943), using 
single plaque procedures as well as lysis in broth. A batch of phage, suflScient 
for the present study, was prepared in a meat infusion broth. This phage will 
be referred to throughout this paper as the “parent strain.” At a later date, 
to rule out the possibihty of contaminants, the phage was further purified by 
picking isolated plaques to broth and incubating in the presence of P. pestis 
A1122. This procedure was repeated six times. The resulting phage was 
considered to be free from any contaminants and is referred to below as the 
“purified phage.” 

The standard medium used was Difeo proteose no. 3 agar. A liquid medium 
was prepared using the same formula without agar. 

Methods. Standard agar plates, dried for several days at 37 C, were spread 
with from 0.1 to 0.25 ml of a young broth culture of the strain under investiga- 
tion. The plates were held at room temperature until the liquid was completely 
absorbed, usually 5 to 10 minutes. The phage was then applied to marked areas, 
using a standard platinum loop having an inside diameter of 3.0 mm. Care 
Was taken to avoid excessive disturbance of the film of organisms on the surface 
of the agar. It was possible to apply up to nine such phage areas on a single 
plate. The plates were incubated at 37 C after the phage was absorbed suf- 
ficiently to permit inversion. 

All cultures found susceptible to lysis by the parent strain of phage, or by any 
phage adapted from the parent strain, were tested for lysogenic ability. The 
methods of Fisk (1942) ivere used for unmasking lysogenic strains. Except as 
otherwise noted, no evidence of lysogenesis was found. 
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Results 

P. peslis. Twelve strains of human and animal origin were studied. Tea 
these strains were avirulent for animals, two were fully virulent. All strairs 
tested were susceptible to the parent strain of phage. Advier (1933), using the 
same phage, found that all of 47 strains of P. peslis were lysed; therefore n) 
effort was made to test additional cultures. The properties of the parent pbite 
were as follows: 

On agar plates, a phage dilution of 10“^ gave an area o^ confluent lysis with all 
strains after 24 hours at 37 C. Higher dilutions, up to 10“*, showed isolated 
plaques. All strains were similar in susceptibility, the only variations being 
within the limits of experimental procedures. 

In liquid media, all strains were lysed in contact with a 10“* dilution of the 
parent phage after 24 hours at 37 C. 

On solid media, isolated plaques were about 3 mm in diameter in 24 hours. 
Plaques continued to enlarge with prolonged incubation at 37 C, or at room 
temperature, until the entire plate might be cleared. 

No secondary growth was observed in liquid or solid media after lysis of 
normal strains of P. peslis. Lysates were sterile on subculture. On three 
occasions phage-resistant strains were obtained by passing cultures daily in 
broth for a number of transfers and then exposing the organisms to undiluted 
phage on agar plates. The phage-resistant strains showed no envelope substance 
microscopically, formed tiny (0.1 mm in diameter) colonies, produced a very 
granular growth in broth, and died out in a few months on storage at +4 C on 
blood agar slants. Advier (1933) reported no secondary growth following 
lysis of 47 strains of P. pestis using the same phage. 

The thermal death range of the parent strain of phage was 61 to 03 C in aO 
minutes. 

The minimum time required for lysis was 40 minutes, when a broth culture 
was used showing turbidity barely visible to the eye (approximately 5 X 
bacteria per ml) and when undiluted phage was added in an amount equal to - 
per cent of the volume of the culture. Older cultures and smaller amounts oi 
phage prolonged the time required for lysis. On agar plates, plaqueo 
visible within 2 hours after the addition of phage to a plate spread with O.lo 
of a 24-hour culture of P. pestis. . 

The stability of the parent phage was marked. No appreciable loss m 
against the homologous strain of P. peslis was observed after 2 months at ro'>“ 
temperature. Dilutions prepared in broth and stored at -j-lO C shoiw 
loss in potency after 2 months. . . 

P. pseudotuberculosis. Sugino (1932) reports absence of lytic 
P. pestis phage in contact with P. pseudoluberculosis. -Advier 
si m itar observations on three strains of P. pseudoluberculosis, usmg 
P. peslis phage employed in the present study. On the other hand, Girar ^ ^ 
reports a P. peslis phage able to lyse some strains of P. pseudolubercu ^ 
same titer as P. pseudoluberculosis phage. 
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In the present study, 27 strains of P, pscudoluherculosis, at least 3 of which 
were from human cases, were investigated for sensitivity to the parent and 
purified P. pcstis phages. All cultures were further examined for susceptibility 
to an adapted phage produced from a single plaque. The plaque was picked 

TABLE 1 

Lysis of P. pscudotuberculosis strains by phage 


(Highest dilution showing confluent lysis on plates) 


P. rSIUDOTUfiESCUIOSIS STSAIN 

rtranriKD p. pestis pn> 0 E 

V, PEStlS PHAGE ADAPTED TO 

P. PSEUDOTUDEECULOSIS 

Nm 8-295 

io-» 

10-1 

Nm K-i 

10-*R 

10-* 

Nm B-iii 

10-* 

10-« 

Nm B-519 

io-< 

10-« 

Nm 274 


10-« 

Berk. C1903 

io-‘ 

10-» 

Berk. 01774 


10-s 

Berk. IRL 

10-JR 

10-*R 

NCTC 1102 

10-* 

io-« 

NCTC 2200 

±R 

io-« 

NCTC 2476 

10-1 R 

lOr* 

NCTC 3570 

10-*R 

io-‘ 

Jawetz 4 


10-1 

Jawetz 5 

10-1 R 

10-1 R 

S-274 

10-1 R 

ir» 

S-275 


ir« 

K. Meyer 1.'. 

±R 

io-‘ 

Seattle 


10-1 

Spokane 


io-*R 

Hobmaier 

10-1 R 

10-« 

New Orleans 


10-‘ 

San Francisco 

10-1 

10-1 

C. T. Snvder 


10-iR 

Saranac 

10>R 

10-‘ 

Moss 

10^6 

10-« 

Mason . 

10-1 R 

10-1 R 

Topping 

±R 

10-* 

P. pestis A1122 

10-» 

10-* 


± — isolated plaques, without confluent lysis, uang undiluted phage. 
— = no lysis with undiluted phage. 

E- = resistant growth. 


from a plate spread with P. pseudoUiberculosis (Spokane strain) to which had 
been added undiluted P. pestis phage of the parent strain. After 12 passages m 
' contact with broth cultures of P. pseudotuberculosis (Spokane), this adap^ 
' phage showed a definite increase in ability to lyse most strains ° . 

' ^^^srcuhsis, without loss of action on P. pestis. A comparison o resu s is 
shown in table 1. 
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The phage adapted to P. pseudotuberculosis showed the same general propertioi 
as the parent strain of P. pestis phage, except that an occasional small pbqeo, 
about 1 mm in diameter, was noted. It was felt that this discrepancy in phqi;' 
size might have indicated a lysogenic strain, but no evidence of lysogenic culturtj 
could be obtained by the use of the methods of Fisk (1942) for unmaskin: 
lysogenic strains. It seems reasonable to assiune that the results in table I 
were due to adaptation and not to the presence of contaminating pliages. 

The marked variation in susceptibility of different strains of P. pseiuloluh<r- 
culosis to the two phages used is of considerable interest. This point is discus-el 
below. 

It was hoped that the differences shown in table 1 might supply a means to 
differentiate P. peslis from P. pseudotuberculosis, a problem not always readily 
solved by cultural methods. Although such a differentiation is possible in nio-t 
cases, it is felt that the observed reactions are not sufficiently reliable and repro- 
ducible to constitute a means of clearly distinguishing between the two or- 
ganisms. Further studies are being conducted in an effort to establish a reliable 
method for differentiation. 

It was of interest to note that most strains of P. pseudotuberculosis showed a 
definite increase or decrease in sensitivity to phage after prolonged storage oa 
agar slants under oil. The relationship of this altered sensitivity to chrmges ia 
antigenic structure will be studied further, in an effort to determine whether the 
sensitivity to P. pestis phage might be a quantitative means to measure antigemc 
relationships between P. pestis and P. pseudoluberculosis. 

P. septica. Eleven strains of P. septica isolated from domestic fowl and oae 
strain isolated from a gray squirrel were tested by the plate method for een- 
sithity to both the parent phage and the phage adapted to P. pseudoluherculodi. 
INo evidence of lysis was observed. Five of these 12 cultures carried phag-' 
acting on themselves. 

Salmonella. Forty-two strains of Salmonella, representing 25 species, "ea* 
tested by the plate method against the parent strain of P. peslis phage, 
strains showed lysis, namely, S. schottmuelleri (no. 6), S. hirschfeldii (58G, no. 3 , 
and S. rubislaw (phase I, no. 159). These three strains were lysed only by 
undiluted phage, and secondary growth occurred on further incubation, 
broth cultures, the addition of phage resulted in partial lysis wdth 
growth. Repeated attempts to transfer the phage by serial subculture in rot- 


were unsuccessful. , , 

The 3 strains of Salmonella lysed by the parent phage, as well as many ot t 
not lysed, had been maintained on agar for several years. The 3 
ceptible to the phage were predominantly in the rough phase. .-Vt least I- e • 
strains that were not affected by the parent strain of P. peslis phage were ^ 
the rough phase. Cultures which could not be lysed included 3 Btr.ii2is^ ^ 
S. schollmuelleri and 2 of S. hirschfeldii. The phage action, therefore, ^ 
related to the age, the species, nor the state of dissociation of the cultuaB ^ 
Shigella. Thirty-seven strains of Shigella were tested for sensiti^it)^^^.^ , 
the parent strain and the purified P. pestis phage. Included were 2d =•— 
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S. faradysenieriae, 4 of S. sonnei, 3 of S. dysenleriae, 2 of S. amhigua, 1 of S. 
alkalescens, and 1 of Shigella sp., Newcastle type. Clear-cut lysis occurred 
with 4 strains, namely, S. -paradysenleriae type 103, no. 12, S. sonnei no. 7, 
5. dysenleriae no. 44, and S. amhigua no. 33. Partial lysis occurred with 8 . sonnei 
cultures no. 5 and no. 6. All these 6 cultures showed secondary growth after 8 to 
24 hours at 37 C. There was little difference between sensitivity to the parent 
phage and to the purified strain. 

The 6 Shigella cultures which showed lysis were old stock cultures with the 
exception of S. -paradysenleriae no. 12, which had been isolated from a dysentery 
case within a year. The S. sonnei cultures were all in the rough phase. Those 
strains of Shigella which were not sensitive to the phage included both recently 
isolated and old stock strains in both the rough and smooth phases. Five 
cultures of S. paradysenleriae, type 103, were not susceptible to the phage. 

TABLE 2 


Lysis of P. peslis and Shigella by parent phage and adapted phages 
(Highest dilutioa showing confluent lysis on plates) 



PHAGE 

OSGAMSU TESTED 


Parent strain after 6 to 8 transfers on 


Parent strain 

S, pafadysM‘ 
Uriae 

S. sonnei 

S» shisoe 

S, ambigua 

P. peslis A1122 

10-» 

io-« 

10-1 

10-1 


S. paradysenleriae 

IQO 

10-» 

10-1 

10-1 


S. sonnei 

10» 

lO" 

10-1 

10-1 


S. shigae 

10-1 

10-’ 

10-» 

10-1 


S. ambigua 

io-> 

10-’ 

10-1 

10-1 

10-1 


Hence the parent phage failed to act on all members of a given species or even of 
a given serologic t3rpe. 

Transfer of phage in brolh cultures of Shigella. The parent strain of P. peslis 
phage was transferred serially on young broth cultures of each of the 4 Shigella 
cultures showing clear-cut lysis on plates. In the first two or three transfers the 
lysis in broth was slight and secondary growth developed within 4 hours. Later 
transfers gave complete lysis within 2 hours, and secondary growth was^ either 
absent or delayed for at least 18 hours. The phage was transferred in this 
manner for 25 subcultures on S. paradysenleriae no. 6, S. amhigua no. 33, and 
S. sonnei no. 7. Several attempts to transfer the phage beyond the ninth 
subculture on S. shigae no. 44 were unsuccessful. The purified strain of P. 
peslis phage was similarly transferred on S. amhigua no. 33. 

The titer of the phage after transfer on Shigella was tested by the plate metho 
and compared with the titer of the parent strain. The results are summarized 
in table 2. 

Table 2 shows a 100-fold to a 1,000-fold increase in the activity of the phage 
after transfer on a particular Shigella species. The activity of the a pte 
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phage for other sensitive Shigella strains sometimes increased, but not to the 
same degree as for the species on which the transfers were made. There was no 
increase in titer for S. ambigua except when the phage was transferred on tb: 
culture. No significant change in the titer for P. peslis occurred, which agaii 
with the results follomng adaptation of the parent phage to P. pseiidolubeTculosh. 
Results similar to these were obtained nuth the purified phage. 

The phage apparently became adapted to the Shigella cultures so that it ly;cd 
them more readily than did the parent strain, but without any alteration of its 
ability to lyse P. peslis. This increased action on Shigella reached a maximum 
after four or five transfers, and subsequent subcultures up to 25 did not enbnce 
its ability to lyse Shigella strains. The same observations were made regardmg 
the phage adapted to P. pseudoiuberculosis, which reached its ma.ximum ability 
to lyse that organism in a few transfers and did not increase after additional 
passages. 

The 41 cultures of Shigella which were not lysed by the parent strain of pbgo 
were tested again in contact with phage adapted to susceptible Shigella straiiu. 
Two additional strains of S. paradysenieriae and one of jS. sonnei were lysed, but 
other Shigella cultures remained resistant. 

Three Salmonella strains which were susceptible to the parent P. peslis pbs« 
were tested for sensitivity to the phage adapted to Shigella. Sensitivity was the 
same as for the parent phage. 

Fourteen strains of P. pseudotuberculosis were tested against the phage adapted 
to Shigella. Sensitivity was essentially the same as for the parent strain of 
P. peslis phage. Adaptation of the parent phage to P. pseudoiuberculosis did not 


alter its ability to lyse susceptible Shigella. 

After transfer on Shigella, the adapted phage was again subcultured for six 
passages on P. peslis A1122. There wms no change in its activity against cither 
P. peslis or susceptible Shigella strains. 

Transfer of phage on plate cultures of Shigella. Isolated plaques from pbb 
cultures of the parent strain of phage on the different susceptible Shigella culturu 
were transferred for several generations, using the method of picking isobUJ 
plaques to broth described above. These “purified” phages were then tcsic 
against P. peslis. Size and number of the plaques were unchanged, and it ivos 
apparent that cultivation of the phage on Shigella did not alter its action c- 
P. peslis in any observable way. 

Both the parent strain and the purified strain of P. peslis phage produci.^ 
plaques varying in size from 0.5 to 4.0 rnm on susceptible Shigella culturc- 
The smaller plaques tended to increase in size on further incubation, but no.^^- 
rapidly as did plaques on P. peslis. Small plaques (0.5 to 1.0 mm) an -s- 
plaques (3.0 mm or more) were isolated and tested for several generatiooi- ■ 
plates wdth susceptible Shigella cultures, neither the large nor small 
bred true, forming both large and small plaques. On plates of P. 
large and small plaques produced uniformly large plaques identical wit 
produced by the parent strain of phage. 
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The S. ambigua culture was lysogenic for 20 strains of Shigella, but not for 
Pasleurella. This phage carried by S. ambigua was readily distinguished from 
P. pcstis phage because of the minute plaques (0.1 to 0.3 mm) produced on 
Shigella. 

Miscellaneous bacteria. The parent strain of P. pestis phage was tested by 
the plate method against 77 cultures, which included 37 species. The following 
17 genera were represented: Aerobacier, Alcaligenes, Bacillus, Chromobacterium, 
Corynebacterium, Eberthella, Escherichia, Gaffkya, Klebsiella, Micrococcus, 
Neisseria, Proteus, Pseudonwnas, Sen-atia, Staphylococcus, Streptococcus, and 
7i6nb. There was no lysis of any of these cultures. Since only one to six 
strains of each species were tested it cannot be assumed that other strains might 
not be susceptible to lysis. 

SEROLOGICAL EXPERIMENTS 

Burnet (1927) found a close correlation between the sensitivity of different 
bacteria to a phage and the distribution of surface somatic antigens. Numerous 
observations have supported the belief that sensitivity to phage is closely 
related to antigenic structure. The subject is well summarized in Topley and 
Wilson (1946). 

In this study an attempt has been made to correlate the sensitivity of certain 
SdmoTiella and Shigella strains to P. pestis phage with a demonstrable antigenic 
relationship as shown by agglutination tests. It was considered unnecessary to 
investigate Pasleurella strains extensively, since the relationship in this genus 
has been thoroughly studied, especially by Schiitze (1928, 1932) and by Bhat- 
nagar (1940). 

Methods. Standard macroscopic agglutination tests were made, using 0.3 
pe^jjent salt solution as the diluent. All tests were incubated overnight at 37 C. 

Results 

P. pseudotuberculosis. An antiserum prepared in rabbits by repeated injec- 
tions of hving P. pestis A1122 agglutinated both F. pestis and P . pseudotuber- 
culosis (Saranac and Spokane strains) to about the same titer. These two 
atrams of P. pseudotuberculosis were also agglutinated in dilutions up to 1:320 by 
antisera for S. dysenteriae and for S. schottmuelleri. 

Salmonella. Considerable difficulty was experienced in serological studies 
owing to the roughness of the three Salmonella strains sensitive to P. pestis phage. 
However, there was definite indication of agglutination of S. schottmuelleri 
(no. 6) and S. hirschfeldii (58G, no. 31) in low titer by serum prepared against 
living, intact plague organisms, with satisfactory controls. No agglutination 
Was observed using an antiserum for the carbohydrate fraction of P. pestis. 

An antiserum prepared against S. schotimuelleri agglutinated P. pestis A1122 
antigens in significant titer. The highest titers, 1 : 640, were obtained using 
antigens without envelope substance. Antigens prepared under conditions 
permitting the maximum development of envelope were not agglutinated by this 
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Salnwtulla antiserum. The antigenic factor in common may be considered, 
therefore, to be present in the soma of P. pesiis, a reasonable hypothesis, since 
phage action is probably dependent on the surface antigens of the bacterial cell. 

It seemed of value to determine whether the antigen or antigens held in 
common by P. peslis and Salmonella organisms could be identified. EtTorts 
were unsuccessful, using alcoholized, heated, and live antigens of P. peslis .Ml'li 
with purified Salmonella “0” and “H” typing antisera. However, confimiatiea 
of agglutination of P. peslis by unpurified Salmonella typing antisera was sup- 
plied by the Division of Laboratories of the California State Department li 
Public Health. It seems likely that the common antigen is some minor somatic 
fraction as yet unrecognized. 

Shigella. Antisera for S. dysenteriae, S. ambigua, and the W, X, Y, and Z 
tjTies of S. paradysenteriae agglutinated P. peslis A1122 in dilutions of 1:10 to 
1:320. Antiserum for the V t 3 TDe of S. parody senleriae did not react with 
P. peslis. All of these antisera agglutinated the homologous Shigella strain in a 
titer of at least 1 : 2,560. 

Antiserum for living, intact P. peslis agglutinated the majority of the 37 
Shigella antigens in dilutions of 1:20 to 1:80, and 12 of the antigens in dilutiors 
of 1:160 to 1:320. The results were identical with living and formalin-killcJ 
antigens. Antiserum for the carbohydrate substance of P. peslis agglutinati^ 
most of the Shigella cultures in 1 : 20 to 1 :40 dilutions and three of the strains in 
1:160 dilution. The titer of both these antisera for P. peslis was 1:1,240. 

The slight cross reactions in agglutination tests between P. peslis and Shigdls 
suggest that they possess some common antigenic factor, although the majority 
of the Shigella strains tested were not acted upon by P. peslis phage. There 
no correlation between the agglutination titer with P. peslis antiserum and l):is 
by P. peslis phage. For example, strains of Shigella agglutinated in 1.3-0 
dilution might not be lysed by P. peslis phage, Avhereas others agglutinated onij 
in 1:20 dilution might show lysis. This may be interpreted as a lack of cor- 
relation between phage sensitivity and agglutination, or as the result of w 
antigenic variation causing temporary loss of the minor relationship apparent y 
existing between the two genera. 


MISCELLANEOUS OBSERVATIONS 

It was determined that lysates of P. peslis cultures were to.xic for mice, 
ducing death a few hours after intravenous inoculation. Similar obscrcat-u-- 
were made with lysates of P. pseudoluberculosis, which were shown to be u 
for mice, guinea pigs, and rabbits. However, some strains of P. pseudotuj'ir^ 
losis showed a markedly greater to.xigenic ability than others. Invcotiga 
are now being conducted to determine the properties of the to.xin pre---- ^ 
lysates of this organism and the factors responsible for the variation in tox.„- 
ability of different cultures. . ^ 

Lysates of P. peslis were shown to be efficient vaccines, protecting j ^ 
against lethal doses of virulent plague bacilli. Flu (1929) made . 

servations regarding the ability of such lysates to protect rats against m..n; 
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the uomial lethal dose of plague organisms. The use of lysates of P. pesiis offers 
a number of interesting possibilities for human vaccination. 

DISCUSSION 

Flu (1927) observed that a phage isolated from canal water in Leyden, Holland, 
was able to lyse P. pestis, E. coli, and S. dysenteriae. Girard (1943) confirmed 
Flu’s results, using several P. peslia phages. No other observations of this type 
have been recorded, although Girard (1942) has reported lysis of some strains of 
P. pseudoluberculosis by P. pesiis phage. 

If the assumption is made that the antigenie structure of the bacterial ceU is 
one of the main factors permitting phage action (Topley and WUson, 1946), 
the findings reported here apparently demonstrate a minor relationship between 
P. pesiis and some strains of certain species of the Salmonella and Shigella groups. 
However, all strains of a given species, and even all strains of a given serological 
type Avithin a species, were not equally susceptible to P. pestis phage. The 
organisms susceptible to P. pestis phage were not shown to be any more closely 
related to P. pestis than phage-resistant organisms, by the use of direct agglu- 
tination tests. Schiitze (1928) has shown a close similarity between one of the 
somatic antigens of P. pseudoluberculosis and the “0” antigen of S. schottmuelleri 
and related sahnonellas. No such relationship seems to have been described for 
P. peslia. 

In view of known antigenic factors common to P. pseudotuberculosis and P. 
pesiis (summarized by Schiitze, 1932, and Bhatnagar, 1940), the action of 
P. pesiis phage on P. pseudoluberculosis is not imexpected. The fact that 
strains of P. pseudoluberculosis differ so markedly in susceptibility to P. pestis 
phage (table 1) indicates an antigenic flexibility that may account for the wide 
variation in results obtained by different workers who have attempted to im- 
munize animals against plague by the use of P. pseudoluberculosis antigens 
(summarized in Topley and Wilson, 1946). The action of P. pestis phage on 
certain Shigella and Salmonella organisms may possibly be accounted for by the 
presence of some unstable minor antigenic fraction held in common. The agglu- 
tmation tests reported in this study give some basis for assuming the existence 
of such a relationship, but adequate proof is lacking. 
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SUMMARY 

A strain of Pasteurella pestis phage which lysed 12 out of 12 strams of P. pesiis 
has been shown to lyse, in varying degree, 19 out of 27 strams of Pasteurella 
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pseudoluherculosis. After adaptation to P. pseudolnherculosis, the phage h-scJ 
all 27 strains of that organism, most of them in higher dilution than originally. 
Other Pasleurella species •were not susceptible to either phage. 

Three out of 42 Salmonella strains and six out of 37 Shigella cultures woa' 
susceptible to P. pestis phage. Seventy-seven cultures from 17 other gccea 
•were not affected by the same phage. After adaptation to Shigella species, 
the phage sho-wed an increased potency to'ward the six susceptible Shigdli 
strains. 

After adaptation to P. pseudoluberculosis or to Shigella, the phago retained 
completely its ability to lyse P. peslis. 

Minor serological relationships have been shown by agglutmation tests to e-u-t 
between P. peslis and certain strains of Salmonella and Shigella. These rcLatioa- 
ships were not clearly correlated with susceptibility to phage. 

The significance of these findings is discussed. The use of P. peslis lysates as 
vaccines and the study of the lethal properties of P. pscudoluberculosis lysates 
are suggested as worthy of further investigation. 
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In a previous paper the writers (1946) reported the isolation of Salmonella 
monlevideo from a gila monster, and Salmonella manliattan from an iguana. In 
this paper we wish to record the isolation of Salmonella nibislaw and two sucrose- 
fermenting paracolons that possess Salmonella antigenic components from 
apparently healthy Pacific fence lizards {Sceloporus occidentalis-occidenlalis). 

Salmonella riihislaw. A total of 12 of these small lizards were caught within 
a radius of a quarter of a mile on the University campus at Davis. All were 
killed for autopsy, dissected aseptically, and their tissues seeded into tetrathi- 
onate broth (Difeo plus 1:50,000 brilliant green). Subsequent bacteriological 
examination resulted in the isolation of S. Trubislaw from three of them. One of 
these three lizards was found in the stomach of a gopher snake, and the other two 
were caught together 4 months later about a quarter of a mile away. The snake 
from which the first lizard came did not yield S. rubislaw, but this type was 
previously isolated from a gopher snake caught in the same vicinity (Hinshaw 
and McNeil, 1945). From two of the lizards, the organism was isolated from 
pooled viscera containing liver, spleen, lungs, and intestines. The third culture 
was isolated only from the intestine. Pooled liver, heart, and spleen cultured 
separately did not yield the organism. 

Paracolon A. From one of the lizards which yielded S. rubislaw, an anaero- 
genic, gram-negative, motile bacterium, which on original isolation fermented 
glucose, sucrose, maltose, and dulcitol, but not lactose, was isolated. On 
antigenic analysis, the 0 antigens of this culture were shown to be identical to 
Salmonella newport VI, VIII. This conclusion was made after reciprocal 
agglutmin absorption tests ^vith S. newport and the paracolon A antiserums. 
There was no evidence that the cultures contained the I, XIV, XXIV, or XXV 
components of Salmonella carrau or Salmonella onderstepoort, as did similar 
cultures from man described by Saphra and Silberberg (1942) and Saphra and 
Wassermann (1945). 

Flagellar antigens were agglutinated by Salmonella bonariensis phase 1 anti- 
serum (i) with a partial reaction only, but with a complete reaction with Sal- 
monella typhi (d) antiserum. After passage through a week-old chick, complete 
agglutination was obtained with both the d and i antiserums. After sup- 
pression with the d antiserum, the H antigen of the original culture reacted 
with tile i antiserum, but it has been diflScult to maintain the i factor in cultures. 

Reciprocal agglutinin absorption tests were made with S. typhi (d), S. bonari- 
^nsis phase 1 (i), and paracolon A (culture 1181) antiserums and H t 3 q)e antigens. 
From the results recorded in table 1 it would appear that d and i are the major 
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H type antigenic components in this culture. All attempts to secure an adii- 
tional phase by the antiserum suppression technique have failed to revca! 
additional antigenic components. 

Detailed cultural studies of two strains (1181, 1182) yielded the following 
results: they were motile, gram-negative rods that were methyl-rcd-positive 
and Voges-Proskauer-negative. Urease medium (BBL) was not attacked. 
On T.S.I. (BBL) medium both the butt and slant gave an acid reaction, no gas 
production was noted, and there was no blackening of the mediima. Though 
there was no evidence of H;S production in T.S.I. medium, abundant production 
was noted in proteose-peptone ferric citrate agar and in cysteine gelatin. GehUia 
was not liquefied in the period of observation (72 hours at 37 C and 2 montlis .at 
room temperature). Both strains were indole-negative; gave an acid re.actioa 
in Jordan and Harmon’s d-tartrate agar; and grew poorly in Koser's citrate 


TABLE 1 

Results of agglutinin absorption tests with H antiserums 


ANTIBES UU5 



Paracolon A (1181) 


IXACELLAl AKTICEKS 

■ 

Absorbed by 

■ 

Ab- 

Kslri 

b/ 


Unab* 

sorbed 


S» h(^ 
natUn^ 

sis (i) 

Both 
S. 1. 
sad 

S. b. 
(d-f i) 

Faracolan 

A 

Unab- 

sotbed 

P.:l- 

Ccl.3 

Parfic.olon A 

B 


B 

B 


iB 

<M 

i.^. ivvhi 




<100 

S.bonariensis (i) 


m 

MOO 

<100 


Figures indicate the highest dilution at which agglutination occurred. 
* Equal parts of these antiserums were mixed for this test. 


broth. In potassium nitrate broth, nitrate was' reduced to nitrite after 72 hours 
incubation. Litmus milk became slightly acid in 24 hours, remained acid '-r 
2 weeks, and then the litmus in the upper portion of the tubes became decoloni- , 
but no curd developed. Growth in tetrathionate broth (Difco plus 
brilliant green) was good. Growth on BBL desoxycholate agar, and on 13 
desoxycholate citrate lactose sucrose (D.C.L.S.) agar was as good as on nutraa- 
agar, but there was a tendency for both cultures to develop rough types- |- 
tendency was also noted in all hquid media. Smooth cultures, satisfactoiw - 
antigens, were obtained by aid of the starch agar technique of Cros^lej, 
guson, and Brj-dson (1946). 

It was not possible to demonstrate gas production in any medium me > C'- 
though tubes were corked and kept under obser\’ation for over a month, --uu 
was rapdily fermented, as were the following: maltose, trehalose-, 
galactose, arabinose, xwdose, rhamnose, mannitol, dulcitol, and aor nto • ^ 

reaction occurred, in the 30 days of observation, in lactose, inulin, aa 
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inositol. Glycerol became slightly acid in 48 hours, then became neutral for 3 
weeks, and finally again showed a sfight acid reaction (bromthymol blue). 

Paracolon B. From the viscera of two of the lizards an aerogenic, sucrose- 
positive type was isolated. Its biochemical reactions were identical with the 
type described above except that it was aerogenic and liquefied gelatin. On 
antigenic analysis, however, the 0 antigens of both cultures (Pc219 and 220) 
were completely agglutinated by spot tests with Salmonella typhimurium and 
Salmonella schleissheim 0 antiserums, and partially with Salmonella gallinarum 
antiserum. No reactions were obtained with any of the other 0 type Salmonella 
antiserums, nor with any of our available paracolon antiserums. They did not 
react to single factor antiserums V or XXVII. This would indicate that the 
known 0 antigens are IV, XII. No H t 3 q)e antigenic components have been 
demonstrated by us. 


DISCUSSION 

The isolations reported in this paper were made in connection with a survey 
being conducted to determine all possible sources of Salmonella and paracolon 
infections in turkeys. Previous papers by the writers (1945; 1946) have in- 
criminated snakes as possible transmitters. Lizards on exhibit at one zoo 
(McNeil and Hinshaw, 1946) suggested that some of the 51 known species 
of wild lizards in California might also be sources of infection. The results 
reported indicate that this may prove a fertile field for a Salmonella survey. 

As far as our records show, the two sucrose-positive paracolons described 
herein have not been isolated from turkeys. We have, however, isolated other 
types from outbreaks of enteritis in turkey poults and young chicks and from 
adult survivors of these outbreaks. It is of interest that two of four 1-week-old 
White Leghorn chicks died after inoculation with paracolon A described above. 
Four such strains, which were recently isolated from adult turkey carriers from 
three different ranches in the same community, all had 0 antigens of S. onderste- 
poort and resemble similar ones described by Saphra and Silberberg (1942). 

No attempt is made to classify these cultures, nor has any attempt been made 
to make a detailed study of the antigens of the second paracolon. From the 
information available the formula indicated for the anaerogenic type (A) is VI, 
VIII, ;d, i . . . . The incomplete formula for the aerogenic type (b) is IV, 
XII-: .... 


ACKNOWLEDGMENT 

The authors wish to acknowledge the assistance of Mr. T. J. Taylor for 
technical aid in studying the cultures; that of Dr. P. R. Edwards for his sug- 
gestions and for verifying our typing results; and that of Mr. Jesse Skoss for 
collecting the lizards. 


SUMMARY 

The isolation of Salmonella rubislaw (XI :r, enx) is reported from 3 of 12 
Pacific fence lizards {Sceloporus occidentalis-occidentalis) examined. 

From the same group of lizards two sucrose-positive paracolons which have 
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Sahnonclla antigenic components were also isolated. One of these, an ai. 
aerogemc tj-pe, has the Salmonella type formula VI, '\r[n,:d, i . . . . The u'.hr 
contains the 0 factors IV and XII of group B, but no H factors Avere ideiuii'.d 
Detailed biochemical stuches of the paracolon types are given. 
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LactobacillVfS casei is a useful organism for microbiologists and biochemists be- 
cause it can be used in certain microbiological assays. Ejctensive investigations 
have been conducted and considerable information has been obtained concerning 
the nutritional requirements of this homolactic orgam'sm by measuring its growth 
response to various substances. On the other hand, investigations with washed 
cells of this organism have been surprisingly few in spite of the fact that experi- 
mental conditions with such cell preparations can be more readily defined and 
controlled than in studies conducted with growing organisms in culture media. 

That the optimum growth conditions and nutritive requirements for the pro- 
duction of cells of a particular organism vary with the enzyme system to be 
studied has been well established. Thus, Gale (1940) foimd that cells of Strepto- 
coccus faecalis harvested from a trypsin-digested casein medium with a terminal 
culture pH below 5.0 possessed an active tyrosine decarboxylase system. Wood 
and Gunsalus (1942) found that cells of Streptococcus mastitidis grown in a tryp- 
tone, yeast extract, low glucose medium harvested before the culture pH had 
dropped below 6.8 displayed excellent glucose dehydrogenase properties. Bel- 
lamy and Gunsalus (1944) subsequently confirmed and extended Gale's findings, 
describing a medium, synthetic except for the incorporation of acid-hydrolyzed 
gelatin and a folic acid concentrate, which supported cells demonstrating good 
decarboxylation properties. Wood and his associates (1945) used Lactobacillus 
casei cells grown in a glucose, yeast extract medium to degrade glycogen hy- 
drolyzates to lactic acid. Reithel (1946) prepared a cell-free extract of Strepto- 
coccus thermophilus, which fermented lactose and glucose to lactic acid in the 
presence of adenosine triphosphate (ATP), from cells grown on a medium con- 
taming Difco broth, lactose, and peptonized milk. The present study is an 
attempt to devise a medium which could be used to prepare fairly large amounts 
of washed cells of lactobacUli (which could be lyophilized or used in the prepara- 
tion of cell-free extracts) which would actively ferment glucose to lactic acid. 
No attempt was made to obtain an intimate knowledge of the chemical composi- 
tion of such a medium. 


EXPERIMENTAL PROCEDURES 

Organisms. Lactobacillus casei 7469, which is used in our laboratories for 
routine riboflavin assays, and Lactobacillus arabinosus 17-5, for nicotinic acid 
assays, were used in these studies. 

' With the technical assistance of Arlene M. Larson. 
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Preparaiion of cell suspensions. Media of varying compoanon were generillv 
made up in 600-inl quantities in 1-liter Erlenmeyer flasks; 1.0 per cent inccala 
were used and the cultures were incubated for 16 to 20 hours at 37 C. After the 
cells were harvested by centrifugation, they were washed twice with about one- 
third the culture volume of chilled 0.5 per cent salt solution. The compotition 
of the stock salt solution (used in our riboflavin assays), from which the chiM 
0.5 per cent salt solution was prepared, was 


MgS0i-7H;0 

Xaa 

FeSO.-7H:0 . 
ilnSOrHiO 


4.0 per cent 
0.2 per cent 
0.2 per cent 
0.2 per cent 


After the second washing, the cells were transferred to graduated centrifuse 
tubes and compacted by centrifugation. The volumes of the packed cells were 
read and chilled salt solution was added to make 1.0 per cent (by volume) cell 
suspensions. Kjeldahl X values were determined on aliquots of the 1.0 per cent 
suspensions. 

Tests for glycolytic activity. The activities of cell suspensions from various 
media were measiued in a Warburg apparatus by the usual methods. The flasi 
concentrations and other pertinent experimental conditions were as follows: 


Glucose 

NaHCOj 

Adenosine triphosphate (ATP) 
Salt solution 

Cells 

Total volume 

Atmosphere 

pH 

Temperature 


0.01 M 
0.02 li 


0.01 It 

1.0 per cent of tbs stoch 

salt solution 

0.15 per cent by volume 

3.3 nil 

COj 

ca. 6.2 

ca. 37 C = 0.01 C 


Because Gunsalus and Xiven (1942) have shown that at pH values above d.5 
homolactic streptococci produce formic acid, acetic acid, and ethanol instead a 
lactic acid from glucose, the pH of the reaction mixture was kept below 
point. The gas evolution was followed for ISO minutes. Under these expcP* 
mental conditions, the lactic acid produced is measured as carbon dioxide liter- 
ated. Preliminary experiments showed that the addition of both ATP and t_e 
salt mixt\ure was necessarj- for the Tnavimum production of lactic acid. 
the Kjeldahl X values obtained on aliquots of the 1.0 per cent cell suspensio— 
and the amoimt of carbon dioxide evolved in the Warburg apparatus, the 
of gas evolved per 0.1 mg X (cells) in ISO minutes was calculated. In thL> nu- 
ner the effect of the variations between the densities of the various cell sus/i- 
sions was obviated. 


RESULTS 

The medium of Wood and Gunsalus for the “production of active celB 
tococci” was selected as a guide because the streptococci and the lacto ac 
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metabolically related, both being homolactic organisms. Their medium, made 
up \Tith Difco tryptone, yeast extract, glucose, and KjHPOi, was first used in an 
attempt to grow glycolytically active L. casei cells. The medium supported 
heavy growths of organisms which displayed e.xcellent dehydrogenase properties. 
Table 1 shows some of their dehydrogenase properties. 

The tube concentrations were: cells (1 :300 by volume); methylene blue (2.5 X 
substrate (0.01 m); pH 7.3, KjHPO^-NaOH buffer (0.025 if);0 .5 per cent 
salt solution ; and the total volume was 10 ml. The tests were run at 37 C -with a 
stream of nitrogen (purified of o.xygen by running it over heated copper) con- 
stantly bubbling through the reaction mixture to ensure anaerobic conations and 
continued agitation so the cells would not settle out. Under these conditions, 
the cells were capable of using ethanol, glucose, pjTuvic acid, lactic acid, and 
glycerol, but not formic and succinic acids, as hydrogen donors and methylene 
blue as the hydrogen acceptors. 


TABLE 1 

Dehydrogenase properties of cells 


SUBST2ATE 

UZTSYLSfZ BItm 2E017Cn02r 
TD£Z CnOHUTSS 

Ethanol 

9 

Glucose 

39 

Sodium pyruvate 

43 

Sodium lactate 

74 

Glycerol 

90 

Sodium succinate 

210 

Sodium fnrmRtp 

235 

Water (control) 

200 




When these cells were tested in the Warburg apparatus, however, they were 
only slightly active in the breakdown of glucose to lactic acid. Therefore this 
medium was modified in attempts to devise one which could be used to grow gly- 
colytically active cells. 

Potassium dibasic phosphate. The effect of K;H!P04 in concentrations of 0.25, 
and 0.5 per cent was determined in a basal medium containing trjrptone (1.0 
per cent), yeast extract (1.0 per cent), and glucose (0.1 per cent). The initial 
pH of the cultures was adjusted to approximately 7.0 as measured by the glass 
electrode. The results are given in figure 1. As can be seen, the glycolytic pro- 
perties of the cells were considerably increased by the removal of K1HFO4 from 
the medium. In subsequent experiments, K2HPO4 was not added to the 
medium. • 

In order to localize this peculiar effect of K"HP04 to either the potassium or 
phosphate ion, L. casei was grown in a basal medium of tryptone (0.5 per cent), 
yeast e.xtract (1.0 per cent), and glucose (0.5 per cent); the basal medium plus 
KsHP 04 (0.5 per cent); basal medium plus Na2HP04-12H«0 (1.03 per cent), 
so that the phosphate concentration would be the same as the medium -with the 






722 


H. M. TSXJCHITA AND H. 0. HALTORSON 


[VOL. 53 


potassium salt; and basal medium plus KCl (0.43 per cent), so that the potassium 
concentration would be the same as in the medium with KjHPOi. The initial 
pH values of the media were adjusted to approximately 7.0. The results are 
given in figure 2. 

As can be seen, both the K2HPO4 and Na^HPOi adversely affected the glycoly- 
tic activity of the cells harvested from media to which they were added. These 
results were also obtained to an even more marked degree in experiments in -which 
the basal medium was the same as that used for the K2HPO4 concentration effect. 
It should be noted and emphasized that neither K2HPO4 nor Na4HP04 affect 
adversely the degree of growth of the cells in media to which they are added. As 
a matter of fact, the cell harvests from media -with K2HPO4 were sometimes 
greater than those from the basal medium. 

It was thought that possibly this effect might be due to the phosphate-buffering 
effect. Since the terminal pH values of the cultures containing K2HP04 and 



Fig. 1 


Na2HP04 were 4.3 as compared to 4.0 and 4.1 for the KCl and the basal medium, 
respectively, there existed the possibility that lower pH values favored the 
development of glycolyticaUy active cells, or, conversely, the higher pH condi- 
tions adversely affected the production of the glycolytic enzymes. Therefore 
cells were grown and harvested from media containing tr3rptone (0.5 per cen h 
yeast extract (1.0 per cent), and glucose (0.1 per cent), initially adjusted to p 
5.0, 5.5, 6.0, 6.5, and 7.0. The terminal pH values of these cultures were 4.7, 
4.6, 4.6, 4.7, and 4.8, respectively. The glucose concentration of 0.1 per re® 
was used instead of 0.5 per cent because, if lower pH values do fa-vor the e- 
velopment of glycolytic enzymes, there was the possibility that the higher sugar 
concentration, and thus greater acid production, might cover up the eSec 
adjusting the initial pH of the cultures to the higher values by rapidly 
the pH. However, the results sho-wn in figure 3 show that such was 
case. The lower the initial pH of the cultures, the lower were the activi i = 
and also the cell harvests. 
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* 5.0 55 6.0 6.5 7.0 ? 

Initial pH 6 

Fig, 3 


At present we are unable to account for this phosphate effect. It will be noted 
that K2HPO4 is missing from the media which Wood and his associates used to 
produce L. casei cells to degrade glycogen hydrolysates to lactic acid. 
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Glucose. The effect of glucose in 0, 0.1, 0.5, 1.0, and 2.0 per cent concentration 
on the activity of L. casei cells was determined in a basal medium of tryptone 
(1.0 per cent) and yeast extract (1.0 per cent). The terminal pH values were 




Fia. 5 


5.4, 4.2, 4.0, and 4.0, respectively. The media were initially adjusted to p ■ 

to 7.1. The results are given in figure 4. Apparently the presence of S 
or the breakdown products of this hexose in the medium is essential for t e ^ 
velopment of at least one of the enzymes involved in the glycolysis of gluco..e 
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this organism. This might be taken as evidence of the “adaptive” nature of 
certain of the mechanisms playing roles in glycolysis. 

Yeast extract. The effect of 0, 0.5, 1.0, and 2.0 per cent yeast extract on the 
activity of L. casci cells was measured in a basal medium of glucose (0.5 per cent) 
and tryptone (1.0 per cent). The terminal pH values were 5.4, 4.2, 4.0, and 4.0, 
respectively. The media were initially adjusted to pH 6. 8 to 7.1. The results 
are given in figure 5. Cells grown and harvested from 0.5 per cent yeast extract 
media were as active as those obtained from the 2.0 per cent media. However, 
the cell harvest was greater from media containing at least 1.0 per cent yeast 
extract so this was considered to be the optimum amount. 

Tryptone. The effect on L. casei cells of 0, 0.5, 1.0, and 2.0 per cent tryptone 
was measured in basal medium containing glucose (0.5 per cent) and yeast extract 



O 

3 


U 


O 

O 



a» 

E 

0 

1 

6 


(1.0 per cent). The te rminal pH values of the culture were 3.9, 4.0, 4.1, and 4.1, 
respectively. Initially the media were adjusted to pH 6.8 to 6.9. The results 
are given in figure 6. As will be noted, the glycolytic activity and the cell har- 
vest curves are practically mirror images of each other. The higher the concen- 
tration of tryptone, the greater is the cell harvest but weaker the glycolytic ac- 
tivity. Apparently the glycolytic enzymes are “diluted out” by the larger num- 
ber of cells. In terms of the maximum amount of glycolydic enzymes per 1.0 
liter of medium, 0.5 per cent concentration of tryptone seems to be the most 
satisfactory. However, medium containing 2.0 per cent tryptone might also be 
satisfactory depending upon the purposes for which the cells are grown. 

Lactolacillus arabinosus. The strain of Lactobacillus arabinosi^^ 17-5, used 
routinely in our laboratory for the microbiological assay of nicotime acid, was 
3lso grown in medium containing glucose (0.5 per cent), yeast extract (1.0 per 
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cent), and tryptone (0.5 per cent), with an initial pH of 7.0. Although 
the growth was not so luxuriant as that of Lactobacillus casei, fairly active cells 
were obtained. From 1.0 hter of culture the cell harvest was cells with a Kjel- 
dahl N value of 10.7 mg (as compared to values of approximately 32 mg mth L. 
casei). At the end of 3 hours, the gas evolution ranged from approximately 210 
to 250 microliters of carbon dioxide. 

Lyopliilization. Cells of L. casei harvested from media containing glucose 0.5 
per cent), yeast extract (1.0 per cent), and tryptone (0.5 and 2.0 per cent) and 
dried from the frozen state displayed fair glycolytic properties. The gas evolu- 
tion per 1.0 mg N of bacterial cells (0.5 ml of a 1.0 per cent lyophilized cell sus- 
pension added to a Warburg flask containing a reaction mixture with a' total 
volume of 3.3 ml) in 3 hours varied from 350 to 550 microliters depending on the 
conditions. 


DISCUSSION 

The Warburg method of determining the glycolytic activity of lactobacilli 
may not be so absolutely accurate as the direct estimation of lactic acid. It will 
be noted that Reithel found some discrepancies between the amount of lactic 
acid measured directly and indirectly by the manometric technique. However, 
the method does give a reliable measure of the relative glycolytic activities of 
homolactic organisms. The ease with which the activities of a number of cell 
preparations can be estimated is its principal recommendation. 

The fact that cells which display excellent dehydrogenase properties do not 
necessarily possess comparably good glycolytic activity has been demonstrated. 
Wood and Gunsalus (1942) were not unaware of this possibility, for they were 
aware of the criticisms offered by Barron and Jacobs (1938), who warned of cer- 
tain inherent weaknesses of depending solely on the use of the Thunberg method 
for measuring activity of cells. The evidence presented here does not contradict 
the work of Wood and Gunsalus. L. casei cells grown in their medium do display 
excellent dehydrogenase properties. The evidence does seem to indicate, how- 
ever, that conditions under which cells with good dehydrogenase activity are pro- 
duced are not the best, at least with some homolactic organisms, for the produc 
tion of glycolytically active cells. 

The effect of K2HPO4 was unexpected. As yet, we have no explanation or 
this peculiar phenomenon. 


CONCLUSIONS 

Under the experimental conditions described, the data seem to justify tbe 
conclusions which follow ; 

Washed cell suspensions of Lactobacillus casei and Lactobacillus arabiM^^^^ 
which are glycolytically active can be prepared from a medium contaimng g 
cose (0.5 per cent), yeast extract (1.0 per cent), and tryptone (0.5 to • P 

I as 3 2 

Despite the fact that the terminal pH values of the cultures drop as ow 
or 4.0, the cells are still active. 
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KjHPOl and NajHPOi at 0.5 per cent concentration do not inhibit the growth 
of the organisms in the culture but do affect adversely the activity of the cells 
harvested from the phosphate-containing media. 

The cells harvested from the medium described and dried from the frozen state 
display fair glycolytic activity. 
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In view of the high degree of specificity exhibited by strains of Saccharomyces 
cerevisiae with respect to the ability to metabolize different sugars and the occur- 
rence of types with loss of the ability to grow on a specific sugar, it would seem 
that ascospores could be obtained occasionally the metabolic capacities of which 
would be limited to hexose degradation products and would not include the ability 
to utilize glucose. As far as we know, no such strain has been reported. This 
may be because these strains are ordinarily eliminated by the choice of nutrient 
media (see below). This paper reports on the e.xistence of yeasts incapable of 
utilizing sugar (glucose) and provides some data on their behavior. 

hohlion of non-glucose-utilizing ijeasts. Spores from ten different cultmes 
were suspended in distilled water, heated at 58 C for 4 minutes to kill vegetative 
cells, and then plated on agar media containing organic acids in concentrations of 
1 per cent in substitution for glucose in the synthetic medium including vitamins 
described by Burkholder (1943), and with alkali added to make the initial pH 
I of the media approximately 6. After 4 days’ incubation at 30 C, individual 
1 colonies were transferred to tubes containing liquid media of the same composi- 
! tion. After a few days sufficient growth occurred in these tubes to make loop 

! transfers to tubes containing the standard synthetic medium with 2 per cent 

! glucose. These tubes were incubated under CO 2 at 30 C. From over 400 such 
; transfers from individual colonies 12 were found which grew on the organic acid 
substrates, i.e., on lactate, succinate, or malate, or on combinations of salts of 
these acids, but which failed to grow on glucose. Subcultures were maintained 
on lactate medium and were tested repeatedly for their ability to grow on glucose 
either in the presence or absence of atmospheric oxygen. It was found that all 
but two of the twelve organisms quickly reverted to glucose utilization, and these 
were not further investigated. Nearly all the subcultures of one of the two re- 
maining isolates reverted to sugar utilization within a week and generally within 
a few days after exposure to glucose in liquid medium. With rare exceptions, 
reisolations from the reverted cultures yielded only glucose-utilizing organisms. 

The remaining culture, isolate no. 97, was obtained from an ascospore of a 
hybrid of the following constitution: Saccharomyces microellvpsoideus (NRRL no. 
Y-1350) X S. cerevisiae (Mrak 93).=* Culture no. 97 has been carried for 3 
months on a lactate medium and has been kept stable with respect to nonutiliza- 
tion of glucose by frequent transfers to new medium. It is unable under the 

' This work was supported by a grant from Anheuser-Busch, Inc., St. Louis, Missouri. 

’The NRRL culture was obtained from Dr. L. J. Wickerham, Northern Region^ e- 
eearch Laboratory at Peoria, and the Mrak culture was obtained from Dr. E. M. Mrak 
of the University of California, Berkeley. 
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conditions of these experiments either to ferment or respire glucose (at least at a 
significant rate). The same holds for fructose and sucrose. As will be seea 
below, however, this stability would not be maintained in standard culture prac- 
tice. 

Adaptation to glucose utilization. In tests of the stability of failure to utilize 
glucose, loop transfers were made from the lactate medium to s)Tithetic medium 
with glucose. Many such transfers of strain no . 97 after standing for some weeb 
would show a sudden rapid growth and fermentation; i.e., a reversion to glucose 
utilization occurred in individual tubes after long and varying periods of incuba- 
tion in contact with the substrate. 

•' On the other hand, it was observed that the addition of glucose to the organic 
acid substrates tended to repress the growth of the organism. Thus, not only is 
glucose not assimilated by the unadapted organism, but it actually inhibits the 
utilization of the organic acids. 

To study these phenomena in more detail, strain no. 97 was cultured on a 
series of media containing lactate or glucose in different concentrations or con- 
sisting of the two substances combined in different proportions and added to the 
synthetic medium. The growth in 10-ml volumes in 6-by-f-inch test tubes was 
ineasured photometrically at suitable intervals. Some typical results are shown 
in figures lA to 5A. For the sake of comparison corresponding results with an 
adapted strain, isolate no. 322, are included as parts B of the figures. 

• If- the growth on media with lactate alone added is first considered, it may be 
seen (figure 1) that the growth of strain no. 97 is greater the lower the concentra- 
tion of lactate between 4 and 0.5 per cent, whereas with the glucose-adapted 
strain-no. 322 the reverse is true. The results with no. 97 might appear to mean 
that lactate is not utilized but rather interferes with the utilization of some other 
component of the substrate. However, the fact that only traces of growth are 
obtained in control tubes without lactate excludes this interpretation and indi- 
cates rather that the concentration of lactate no doubt tends to decrease both 
the growth rate and final yields. In the case of strain no. 322, on the other hand, 
even 4 per cent, the highest concentration used, may not be sufficient for optimum 
growth. 

■ In a comparison of the growth on lactate with that on glucose (figure 2A) an 
on mixtures of glucose and lactate (figures 3 A, 4A, and 5A), the following striking 
differences are to be noted: 

1. In the presence of glucose there is a very long period between inoculation 
and the appearance of measurable growth, followed suddenly by a period of very 


rapid growth. 

The starting time of this rapid growth varies greatly from one culture to n 
next. Some data for individual cultures are presented in table 1. These figure-, 
the points of intersection of the abscissa with the slopes of the growth curves m 
the regions of rapid linear growth, represent approximately the periods requi 
for adaptation to glucose utilization. In most cases they correspond 
of appearance of sufficient yields to be measurable in the Klett 
They do not, however, correspond to the times of initiation of growth, 
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of yeasts, too small to measure with the instrument, are generally observable 
earlier, usually within 3 to 4 days after inoculation on the mixtures of lactate and 
glucose. Occasionally, as is illustrated by some curves in figures 2A and 5A 
and checked by loop transfers to glucose medium, considerable yieldsare obtained 
before adaptation to glucose occurs. On the average, 150 to 170 hours were 
required on mixtures of lactate and glucose, and 200 or more hours on glucose 
alone. One culture adapted itself after only 40 hours, but several failed to grow 
appreciably until after 10 or more days. 

2. The tune required from the beginning of rapid growth to the attainment of 
mn.\-imiim rate is difficult to estimate exactly but is certainly also very variable 
from one culture to the next. The figures for individual cultures compiled in 



table 2 give average values from 37 to 68 hours for the different sets to reach the 
flex points of the curves. Perhaps the length of time required increases with the 
concentration of lactate in the medium, but this tendency is certainly less marked 
than the extreme differences exhibited between individual cultures of a given 
set, which will be discussed below. 

3. The later portions of the curves show that with the addition of glucose a one 
(figure 2) to the medium the growth approaches the final yields very quickly, 
once it has started, whereas with mixtures of lactate and glucose (figures 3 to ) 
the growth decreases very markedly, as a rule, long before the final 
attained. This decrease in growth rate evidently is due to a number o ^ 
causes, which operate to different extents in individual cultures. } ^ \ 
place, where adaptation to glucose has occurred before the lactate has been de- 
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pleted, subsequent growth may result from further utihzation of the remainii!!' 
lactate. (See curves 1 and 3 in figure 3A; curves 1 and 2 in figure 4A; and curves 



A._ Growth of subculture of glucose-unadapted strain no. 97 in synthetic med 
taimng no lactate. Solid lines, 4 per cent glucose; broken lines, 1 per cent glucos 
U. Growth of subcultures of the adapted strain no. 322 on glucose. 


1, 2, 4, and 5 in figure 5A.) Secondly, it is clear from a comparison of the 
with increasing lactate concentrations that there is a correspondingly slowef 
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3/1 Hours 3 8 


snd glucoae-unadapted strain no. 97 in a mixture of glucose 

g teni lactate. 

*>roken growth of the adapted strain no. 322. Solid lines, 4 per cent glucose : 

“ nues, i per cent glucose. 


lone h glucose and that the growth rates frequently begin to decrease 

of er glucose has been depleted, i.e., inhibition occurs when the amount 

ow is only a fraction of the final yield, so that glucose as well as the lactate 
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40 80 iZO 160 200 240 280 320 360 400 440 480 5^0 0 40 60 J 

4A Hours 4B 


A. Growth of subcultures of the glucose-unadapted strain no. 97 in a mixture of glue 
and 1.0 per cent lactate. 

B. See explanation, figure 3B. 

present must be required for the subsequent yield. This decrease in growth rate 
before the final yield is attained, with increasing concentration of lactate, 
holds for strain 322. It appears, therefore, that high lactate concentratioD* 
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5 

^• Growth of subcultures of the glucose-unadapted strain no. 97 in a mixture of glucose 
2j0 per cent lactate. 

B. See explanation, figure 3B. 


interfere to some extent with the utilization of glucose. Hence, the phase of 
subsequent slow growth and the secondary rise in growth rate may be due to an 
adaptation to glucose utilization in the presence of lactate, i.e., to the develop- 
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TABLE 1 
Adaptation times 


uzsnm 


CULTX7IX KO. 

Gi 

U 

G. 

Li 

Gi 

Li 

Gi 

Li 

Gi 

L. 

Gi 

h 

Gi 

G. 

97 1 


240 

250 

230 

210 

240 

420 

300 

97 2 

290 

260 

240 

210 

210 

210 

200 

250 

97 3 

55 

130 

150 

40 

190 

130 

330 

230 

97 4 

250 

110 

no 

170 

230- 

190 

440 

190 

97 5 

130 

130 


70 

130 

150 

390 

120 

97 6 

120 

120 

(600)* 

50 

130 

120 

2S0 

2S0 

97 7 

105 

195 

no 

130 

ISO 

210 

220 

190 

97 8 

170 

no 

130 

j 

130 

130 

100 

no 

150 

Mean 

157 


163 

129 

1 

169 

299 

1 

; 214 

322 

25 

■i 

10 

25 

■H 

20 

10 

10 


Time in hours from inoculation to initiation of rapid growth in individual cultures on 
mixtures of lactic acid and glucose and on glucose. 

L = lactic acid; G = glucose; subscripts = concentrations in grams per 100 ml medium. 
* Did not start rapid growth even though live cells were present. 


TABLE 2 

Periods of increasing growth rales 




MEDrUM 

CUXTTTU 2;0. 1 











Gi ! 

Gi I 

1 G. 

Gi 

G. 

Gj 

Gi 

Cl 



u 

Li i 

^■2^1 

L, 

Li 

^1 



97 

1 


20 


30 

20 

20 

20 

60 

97 

2 1 
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90 

70 


40 

30 

50 

15 

30 

97 

3 

25 

60 


20 

40 

40 

so 

70 

97 

4 

70 

40 


50 

120 

50 

20 

70 

97 

5 

50 

90 

■1 

130 

60 

30 

50 

70 

97 

6 

60 

100 

B 

130 

25 

25 

70 

00 

97 

7 

70 

55 

30 

130 

60 

50 

150 

100 

97 

8 

80 

1 

40 

50 

90 

40 

30 

50 

CO 

Mean. . . 


63 


(38) 

66 

48 

37 

57 

69 

322 


25 

1 

20 

20 

15 

25 

30 

20 



Time in hours from initiation of rapid growth to attainment of ma.ximum ra e 
point of curves) of individual cultures on mixtures of lactic acid and glucose. 

L = lactic acid; G = glucose; subscripts = concentrations of substrate in gra 


100 ml of medium. 

* Did not start rapid growth. 
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ment of a tolerance to lactate as well as to the utilization of lactate. Numerous 
other changes must occur in the medium that may impede the rate and also, in 
specific instances, give preference to the rapid increase of mutant types in the 
cultures. 

4. The final total yield of a culture is primarily determined by the glucose con- 
tent of the medium. Thus the largest yields on the average were obtained on 4 
per cent glucose, and appro.\imately the same yields were eventually obtained on 
mixtures with lactate. In the case of 1 per cent glucose, the addition of lactate 
may give significant increases. Mean values for the total 3 delds of four sets of 
strain no. 97 measured after 600 to 800 hours and the results obtained with a set 
of strain no. 322 after 142 hours are shown in table 3. Many factors affect the 
final yields. Most important of these is, perhaps, the different extents of fermen- 
tation versus assimilation in growth of the available substrate occurring in the 
individual cultures. Furthermore, the long gro^vth periods and different growth 
rates introduce variable changes in the medium leading to modifications in yields, 

TABLE 3 
Relative total yielde 


UEDrUU 


OlCAh'iaC 

G, 



Gi 

Gi 

Gi 

Gi 

Gi 


I 4 


■9 

u 

Li 

Lx 

• 

97 

390 

333 

327 

339 

236 


325 

222 

322 

355 

470 

455 

480 

160 

Im 

320 

310 


Final photometer readings: for strain no. 97, mean values for four sets after 600 to SOO 
hours’ incubation, and for a single set of strain no. 322 after 142 hours. 


partial autolysis, the presence of ghost cells, and perhaps even reutilization of 
substrate by new types. These difificulties do not arise with the glucose-adapted 
strain, where the relation of final yield to glucose content is very defimte except 
insofar as the presence of 2 per cent lactate inhibits the growth on glucose. The 
cultures were not kept long enough to determine whether this lag in yields on 2 
per cent lactate was ultimately recovered. 

To summarize, inoculation in glucose or glucose lactate mixtures does not re- 
sult in immediate growth, as inoculation from lactate to lactate does. The delay 
is the incubation period required to adapt to the utilization of glucose. The in- 
cubation period may be shortened by additions of lactate, but when lactate is 
present the total growth and the growth rate are generally less and soon suffer 
a temporary stoppage. After this stoppage a secondary increase in growth occurs 
wth a correspondingly slower rate of utilization of the remaming glucose and 
lactate. 


Growth and Adaptation on Various Substrates 

Adaptation to glucose on lactate medium. The foregoing results show that adap- 
tation to glucose utilization occurs on synthetic medium with added glucose. It 
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may also occur after very long periods on lactate media without added glucose. 
Thus, of some 50 cultures which have been tested for glucose adaptation after 600 
or more hours of incubation on 1 and on J per cent lactate media, 3 and possibly 
several others were adapted to at least slow growth on glucose. It is not certain 
however, that this adaptation has occurred in the absence of the substrate.’ 
More likely, some glucose has been produced in the cells as a result of hydrolysis 
of trehalose and perhaps of other polysaccharides, so that a condition comparable 
with that of added glucose obtains in old cultures of the unadapted strain. 

Adaptation on standard peptone glucose broth. It was found that transfers of 
culture no. 97 from lactate to standard glucose broth containing yeast extract 
and peptone grew rapidly and, as a rule, exhibited vigorous fermentation within 
24 to 48 hours’ incubation at 30 C. This rapid adaptation could be due either to 
a specific factor in the natural medium or simply to the inclusion of different 
substrates which permit rapid multiplication of the unadapted cells, thus pro- 
viding a large population for the selection of mutants. 

Adaptation to fructose and sucrose, separately and in mixtures with lactate. 
Tests have been made of the ability of strain no. 97 to grow in synthetic media 
containing fructose, sucrose, or citrate and in mixtures of these sugars with lac- 
tate. The results presented in tables 4 and 5 are preliminaiy, but indicate that 
in general terms the behavior of the organism on fructose and sucrose is analogous 
to that on glucose. Adaptation occurs only after prolonged periods of incuba- 
tion. Citrate is not a favorable substrate. The results recorded in table 5 show 


the effect of preliminary growth on one sugar medium on the subsequent growth 
on another substrate. Individual cultures designated in table 4 were transferred 
to three new media with lactate, glucose, or fructose (or sucrose) and the growth 
was observed. It may be seen that the behaviors of cultures from duplicate 


mother cultures are in good agreement. Such differences as exist in the time 
required for starting of growth are to be expected from the results given above 
and are no doubt, in part, in accordance with the extent of adaptation or rate ol 
growth of the mother cultures at the time of transferrring. The transfers from 
media containing only lactate to media containing only glucose, or fmetose, do 
not start to grow in the 162 hours over which observations were made. On the 
other hand, all cultures grow on lactate, but the rate, especially at first, is slower 
for cultures derived from media containing one of the sugars alone than froffl 
those containing lactate or mixtures of one of the sugars with lactate. This 
confirms the indication given by the growth curv'es above that there ma.y be a 
loss or regression in the capacity to grow on lactate that is associated with t e 


acquirement of adaptation to a sugar. , ., 

Additional data included in table 4 show that at best only slight growt la 
obtained on the synthetic medium alone or with the amino acid mixture adde 


Crosses and Backcrosses with Strain No. 97 

Several crosses of the unadapted strain no. 97 with glucose-utilizing 
have been made by Mrs. Lindegren. Only a few ascospores w’ere obtaine 
each successful case. The ascospores were isolated on a lactate meoi 



TABLE 4 

Relative growth of strain no. 97 on various substrates 


CTIT. NO. 

SUBSTRATES ADDED 

INCUBATION TIME IN HOURS 

24 

120 

190 

210 

355 

1 

Fructose 


[- 

— 

g 

+. f 


2 



- 

— 

g 

+,f 


3 

4% 



- 

g 

+,f 


4 




— 

g 

+,f 


5 

Fructose 


tr 

tr 

g 



6 

4% 


tr 

+,f 

+ 

+ 


7 

Glucose 


tr 

tr 

+ 

+ 


S 

OCf 

-/O 


tr 

tr 

g 

+ 


9 

Fructose 


t'r 

tr 

g 

+ 


10 

4% 


tr 

tr 

g 

+ 


11 

Lactate 


tr 

tr 

+ 

+ 


12 

1% 


tr 

tr 

+ 

+ 


13 

Lactate 


g 

+ 

+ 

+ 


14 



g 

+ 

+ 

+ 


15 

1% 


g 

+ 

+ 

+ 


16 



. g 

+ 

+ 

+ 


17 

Sucrose 


[- 



g 

+ 

+,f 

18 



- 


g 

+ 

+.f 

19 

2% 


— 

— 

g 

+ 

+.f 

20 



— 

— 

g 

+ 

+,f 

21 

Sucrose 


tr 

tr 

tr 

g 

+ 

22 

2% 


tr 

tr 

tr 

g 

+ 

23 

Lactate 

' 

tr 

tr 

tr 

g 

+ 

24 

1% 


^ tr 

tr 

tr 

+ 

+ 

25 

Lactate 1% 

J 

g 

g 

+ 



26 

Am. Ac. 

i 

g 

+ 

+ 



27 

Citrate 1% 

i 

tr 

tr 

g 

g 

g 

28 


i 

tr 

tr 

g 

g 

g 

29 

Citrate 1% 

1 

tr 

tr 

g 

g 

g 

30 

Am. Ac. 

i 

tr 

tr 

g 

g 

g 

31 

Glucose 


tr 

tr 

g 

+ 


32 

2% 

i 

tr 

tr 

+ 

+ 


33 

Glucose 2% 

1 

tr 

tr 

tr 

tr 

tr 

34 

Am. Ac. 

1 

tr 

tr 

g 

g 

g 

35 

None 

i 


__ 

_ 

tr 

tr 

36 


i 

- 

- 

— 

tr 

tr 

37 

Amino 


tr 

tr 

g 

g 

g 

38 

Acids 1 

- 

tr 

g 

g 

g 


Explanation of symbols: — , no growth; tr, trace of growth; g, defimte growt 
^rked or nearly complete utilization of substrate; f, vigorous CO2 evolution fr 
“mentation. 

Amino acid mixture (Am. Ac.) = glutamic acid 2.0 mg, arginine 2.0 mg, le 
P6r 10 ml of medium. 



TABLE 5 


Relaiite growth of transfers of strain no. 97 from media designated in table 4 . on lactate, glucon 

and fmclose or sucrose 


OZIGIKAL 

ifSW SUBSTIATS 

DfCUBAXIOX TDCE EOUIS 

Cult. no. 

Substmte 


13 

120 

la 

1 

S’* 

Li 

tr 

g 

g 


! 

Gi 1 

— 

g 

+ 



F. 

— 

+,f 

+ 

3 

F, 

U 

tr 

+ 

+ 

j 


G; 

tr 

tr 

+ 

i 


F. 

■“ 

g 

+,f 

9 

F.Li 

U 

tr 

+ 

4* 



G 2 

tr 

tr 

+ 



F. 

tr 

“Ti f 

+,f 

11 

F*Li 

Li 

g 

+ 

+ 


1 


— 

— 

+ 



F 4 

— 

g 

+,f 

13 

L, 

U 

g 

+ 

+ 



G, 

- 

- 

- 



F. 

— 

— 

— 

15 

Li 

Li 

g 

+ 

4* 



G, 

— ' 

— 

— 



F 4 

— 

— 

— 

31 

G, 

U 

tr 


4 

j 


G, 

tr 

+ 

4 -, f 

1 

1 


F 4 

— 

g 

4.f 

32 

G 2 

Li 

tr 

tr 

tr 



G. 

tr 

+ 

4.f 



F, 

- 

g 

4 -, ^ 

17 

s. 

U 

j 

1 

g 

g 



G. 

— 

+ 

4 



Sj 

tr 

+i f 

4 

19 

s. 

u 

fr 

+ 

4 



G. 

+,f 

4-» ^ 

4 



s. 

+ 

+.f 

4 

21 

S-Li 

L. 

tr 

tr 

g 



G, 

tr 

4” 

4- 



s. 

tr 

+j 

4 

23 

SjLi 

Li 



g 

4 



Gj 

— 

— 




s. 

— 


___1— ' 


Symbols as in table 4. Incubation time on former meiUum 212 bours. 
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that described above, but matings were made in standard peptone glucose broth 
and the natural presporulation medium was used to induce sporulation. No clear 
segregation of the progeny has been found. In cases where all four spores from 
an ascus were viable, two often grew rapidly while two grew slowly, but when 
tested later for glucose' utilization all would be positive. Viable progeny from 
backcrosses of these Fi cultures with strain no. 97 were similarly positive. It is 
clear, however, from the evidence obtained later that rapid reversion to glucose 
utilization occurs on standard glucose broth and that such reversions would take 
place on the complex medium required for sexual fusion (Lindegren, 1945). The 
progeny not only may have been quickly adapted but may have been derived in 
the first place only from glucose-adapted parent cells. 

DISCUSSION OF THE MECHANISM OF ADAPTATION 

The present results do not permit an evaluation of the mechanism whereby 
adaptation to glucose utilization occurs. They fit the widely held view that 
adaptation occurs as a result of the occasional production of new types (mutants) 
from the unadapted population, but they do not exclude the opposite view of 
training of the existing cells. Even in the former case, it seems likely that not 
only the multiplication of the mutants but actually the mother cells are in- 
fluenced by the presence of the substrate, so that the mutant does not arise merely 
by chance. 

The data indicate that the reversion to glucose utilization is not a single step 
change occurring unif ormly in individual cultures to restore the mutant to the 
original wild type. This suggests that the strain incapable of utilizing glucose 
does not differ by a specific single step change in the metabolic apparatus from 
the wild type. 

Referring once more to the growth curves of cultures on mixtures of glucose 
and lactate, we note the high degree of variability, first, with respect to the rates 
of growth immediately after the beginning of measurable gro^wth and, second, 
with respect to the lengths of time required from the beg innin g of adaptation to 
the attainment of the flex points. Inspection of the data on the growth of loop 
transfers from the main culture tubes to synthetic medium with glucose, which 
Were made periodically to check the occurrence of adaptation to glucose, shows 
the following: In cases in which the rates of growth increase very rapidly from 
the start, the loop transfers grow immediately and vigorous fermentation sets in 
within 24 to 48 hours after inoculation. In cases in which the rates of increase 
are slow in the main tubes, loop transfers made even after considerable yields 
kave been attained (up to one-third of the total yields) grow, at most, at slow 
rates on glucose for the first few days (often much slower than replicate transfers 
to lactate medium) and then show a rapid increase and fermentation. These 
results are interpreted to mean that at least two t3q3es of adaptation occur. 
There is adaptation to utilization of glucose in respiration and fermentation, an 
there is a development of resistance or tolerance to the presence of glucose m t e 
medium. The two adaptations may not occur together or in this order. 

It might be inferred, furthermore, from the variability in the slopes o t e 
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growth curves after adaptation to glucose, that the reversal to glucose utilization 
occurs by different paths, or more likely by different quantitative degrees, in 
individual cultures, i.e., the adaptation seems to involve multiple units, whether 
these be of the same or of different kinds. Conclusive proof as to which of these 
alternatives holds true will require many more quantitative measurements of 
growth rates than are now available. A similar difference in the degree of sub- 
strate utilization by a series of mutants has been reported by Zamenhof (194G) 
in the case of citrate utilization by mutants from a citrate-negative culture of 
Escherichia coli. 

In the growth of a substrate-negative strain and its adapted progeny in a mixed 
medium containing the specific substrate, relationships are recognized to e.xist 
between (1) each organism and the components of the medium which it is specifi- 
cally able to utilize, (2) competition of the two organisms for common substrates, 
and (3) less well-defined effects of metabolites of one organism on the growth of 
the other. The present results, if generally applicable, indicate that in addition 
there is a very marked effect on growth arising from relationships existing be- 
tween each organism and component substrates which it is unable, though poten- 
tially able, to utilize. As far as we know, the latter effect has been neglected in 
kinetic treatments designed to distinguish between the different possible modes 
of origin of substrate-negative and substrate-adapted strains of microorganisms. 

SUMMARY 

Twelve strains of Saccharomyces cerevisiae have been isolated which were in- 
capable of utilizing glucose for growth on an otherwise complete synthetic 
medium. 

Subcultures from all but two quickly reverted to glucose utilization. 

One of the latter two strains has been maintained glucose-negative for a period 
of 3 months in subcultures on the synthetic medium with lactate substituted for 
glucose as a carbon source. 

This yeast is capable of reversion to glucose utilization (1) after prolonged 
incubation with glucose or mixtures of lactate and glucose present in the medium; 
(2) after exposure to standard glucose broth containing yeast extract and 
peptone; (3) after long periods of growth on the synthetic medium with low lac- 
tate content, under which conditions glucose is presumably formed. 

Growth measurements indicate that the reversion to glucose adaptation in- 
volves more than a single step change, and occurs to quantitatively different 
degrees in different cultures. 

Glucose markedly represses the growth of the glucose-negative cells, and, ' lee 
versa, lactate to some extent inhibits the growth of the adapted cells in culturea 
containing both substrates. 
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This report deals with vitamin concentrations quite different from those usually- 
employed. Previous work from many sources has given a reasonably accurate 
idea of the amounts of different vitamins needed by various microorganisms to 
support optimum growth. In contrast, little is known of the effect of high con- 
centrations of vitamins. Evidence of inhibition or of harmful manifestations 
caused by large amounts of a vitamin have been infrequently reported for either 
microorganisms or higher forms.’ 

With respect to nicotinic acid and microorganisms the few available reports 
indicate that rather large amounts may be tolerated by several microorganisms 
without any obvious effect, but eventually' a concentration is reached which 
causes inhibition. In a study of several strams of dy'sentery bacilli amounts of 
nicotinic acid- (neutralized) up to and including 1,000 pg per ml in an amino acid, 
glucose medium produced no really' marked retardation of grow-th, but concen- 
trations of 3,000 and 5,000 pg per ml caused definite retardation, and 10,000 pg 
frequently produced complete inhibition (Dorfman, Koser, Reames, Swingle, 


and Saimders, 1939). 

For Proteus vulgaris, MoUer and Birkofer (1942) reported that 0.2 to 0.-6 
molar concentrations of nicotinic acid caused either reduction to half maximum 
growth or complete inhibition. The concentrations of nicotinamide causmg 
similar effects were approximately 0.05 to 0.066 molar, amounts somewhat ess 
than for the acid but still very high concentrations of vitamin. They also stu 
ied Streptobacterium plantarum, for which the figures w ere of about ^ ® 
order of magnitude. These amounts are equivalent to approximate y , o 
30,000 pg per ml of medium. In their study growth appears to have 
corded at only 24 and 48 hours, in some cases only the former. e ye^^ 
growth had been taken into account in their determination J ^ 
quite possible their results might be more nearly' in agreement -wit ose o 


dysentery bacilli previously reported. _ -j in « 

The inhibition caused by large amounts of nicotinic acid was eyen am 

study of nicotinic acid destruction (Koser and Baird, 1944) m w c ® ^ , 

was supplied as the only organic compound (foodstuff and \ itamm) a ® 
tures able to grow under these conditions. Pseudomonas fluorescens, Serratia 


‘ This work was aided by a grant from the United States Public 
’Presented, in part, at the 47th General Meeting of the k.ocie y 
ologists, Philadelphia, Pennsylvania, May, 194<. i„o„rl man has recently 

* A summary of the information pertaining to experimental an 


appeared (Nutrition Reviews, 1947). 
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marcescens and allied types. These organisms often were either retarded in their 
growth or completely inhibited by 0.5 and 1.0 per cent concentrations of nico- 
tinic acid (5,000 and 10,000 y.g per ml) though they were able to grow in the 
presence of, and break down, smaller amounts of vitamin. 

It appears, however, that other groups of microorganisms may be affected at 
quite different levels. In a study of Leptospira canicola, Rosenfeld and Greene 
(1941) found that 10 ;ig of nicotinic acid or amide caused distinctly poorer growth 
than 1.0 /xg per ml. 

In the present investigation a number of the commoner bacteria were em- 
ployed. It was desired to use a simple S 3 mthetic medium for much of the work, 
and hence the experiments usually were limited to organisms which would de- 
velop in such a medium, either with or without the addition of known vitamins. 
Certain species were chosen because of a need for the vitamin, nicotinic acid, or 
nicotinamide, which was to be used in large amounts; others because they do not 
need this compound or do not need any preformed vitamins. 

METHODS 

Basal medium. The following medium was used for most of the e-xperimenfs: 


(NHdjHPO, 2.0 g 

KHjP 04 1.5 g 

NaCI 5,0 g 

MgSO« 0.1 g 

Glucose 5.0 g 

Redistilled water 1,000 ml 


The pH of the medium is 6.8 to 6.9, but requires readjustment to this fipre after 
the addition of large amounts of nicotinic acid. Glucose was dissolved separately 
in redistilled water to make a 25 per cent solution, sterilized either by sintered 
glass filtration or the autoclave, and added to the previously tubed medium to 
give 0.5 per cent concentration. 

For some organisms it wms necessary to add a few amino acids or vitamins, or 
both, to secure prompt and satisfactory growth for the tests. Pelczar and Porter 
(1943) reported that 0.024 mg of cystine per ml is sufficient for Proteus morganii. 
Cystine and glutamic acid in amounts of 0.024 mg and 1.0 mg per ml of medium, 
respectively, were added for the cultivation of P. vulgaris, P. imrganii, and repre- 
sentatives of the Bacillus genus. Cystine, glycine, and arginine in amounts of 
0.024, 0.75, and 3.8 mg per ml, respectively, were used for two strains of Staphylo- 
coccus aureus. F or these tw'o cultures and for information concerning their amino 
acid needs we are indebted to Dr. Hite of this laboratory (Surgalla and Hite, 
1946). In addition to nicotinic acid or nicotinamide, w'hich was added in large 
amounts, 0.2 pg of calcium pantothenate per ml was used for P . morganii 
Hg thiamine and 0.01 ng biotin per ml of medium were used for S. aureus. ‘ 
medium was distributed into 16-by-150-mm test tubes previously standar ze 
for use in the colorimeter. The total volume of medium was 5.0 ml per tu e. 

InoculumJ From 24-hour agar slants, suspensions were prepared in ^ 
phosphate-buffered sodium chloride solution. The amount of culture earn 
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over was sulEciently small so that barely perceptible turbidity in the salt solution 
could be discerned in a good light. One-tenth ml of this suspension was then 
• used to inoculate each tube of a series in the test. Agar plate counts showed that 
such an inoculum usually contributed from 60,000 to 130,000 cells per ml of 
medium. This is not a large inoculum, but it is suflScient to produce marked 
turbidity in the synthetic medium within 16 hours after inoculation with most 
of the cultures. To test the possible inhibitory effect of high concentrations of 
vitamin, it was desired to have an inoculum capable of giving rise to distinct 
growth in the control tubes within 16 to 24 hours. 

Measurement of growth. Estimations of comparative growth were made on 
the basis of turbidity, which was measured by means of an Evelyn type photo- 
electric colorimeter. All cultures were incubated at 37 C with the exception of 
Pseudomonas fluorescens, Agrobacterium tumefaciens, Serratia marcescens, and 
the sporeforming bacilli, which were held at 30 C. 

EXPERIMENTAL RESULTS 

Preliminary tests showed that amounts of nicotinic acid up to 1,000 ng per ml 
caused no marked inhibition of growth of some of the commoner bacteria. Tests 
were then made using increasing amounts of both nicotinic acid and nicotinamide 
up to 10,000 ng per ml. In each series of tests, tubes containing 1 .0 jug of vitamin 
per ml were always included. These received the same amount of inoculum and 
served as a basis of comparison for the larger amounts. The 1.0-jug amount was 
used as a routine in all tests, whether or not the organism in question needed the 
preformed vitamin for prompt growth. 

Typical results are shown in table 1. The general picture is one of increasingly 
retarded growth as the concentration of vitamin is raised from 1,000 to 10,000 
Mg per ml. In the presence of 1,000 ng, slightly retarded growth, compared with 
the 1.0-Mg level, was observed with about half of the cultures, particularly at the 
earlier periods of observation. At times this retardation persisted throughout 
the entire period of incubation, growth never quite equaling that in the 1.0-Mg 
tubes, but more commonly the initial differences between 1 .0 and 1 ,000 Mg tended 
to become insignificant or to disappear entirely during the later stages of growth. 
At 3,000 Mg retardation of growth usually was distinct and definite at first; but 
somewhat less definite later; 5,000 and 10,000 Mg produced more marked retarda- 
tion or complete inhibition of growth. 

Several repetitions of the tests shown in table 1 confirmed the general picture 
of retarded growth and occasional complete inhibition. Although there were 
some differences in detailed results from one test to another, usually such dif- 
ferences were within limits that might be expected. Many of these minor dif- 
ferences appeared in the 10,000-Mg tubes, where growth either was scanty 
end slow- on one occasion or failed completely to appear in another test. For 
example. Shigella paradysenteriae Strong 3, which grew poorly in the presence o 
10,000 Mg nicotinic acid in the test shown in table 1, in other tests faffed at tunes 
to grow in this concentration of vitamin. The Sonne type 269 (not shown t e 
table) occasionally grew slowly in the 10,0(K)-jug tubes, though the majon y o 
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TABLE 1 


The effect on growth of massive doses of nicotinic acid and nicotinamide in a synthetic mcJiuin 



1 


NICOTCnC ACID 



mCOtINAmDE 


OSGAXISU 1 

COSC. OP 
VlTAiltH 


Growth at hours 



Growth at houci 



16 I 

24 

4S 

56 

16 

■I 

43 


Shigella paradysenteriae 

u:/ml 

1 

24 

41 

49 

50 

23 

42 

47 

50 


1,000 

17 

34 

31 

43 

14 

32 

40 

48 



4 ^ 

16 

24 

28 

2 

24 

35 

41 

Strong 3 


1 

17 

25 

24 

0 

5 

31 

28 


10,000* 

0 

0 

12 

12 

0 

0 

0 

0 

Shigella paradysenteriae 

1 

14 ! 

35 

37 

40 

12 

37 

39 

42 


1,000 

9 

26 

24 

31 


35 

38 

42 


3,000 

2 

13 

16 

16 

1 

10 

26 

24 

Flexner W 

5,000 

0 

5 

10 

9 

0 

2 

8 

21 


10,000 

0 

0 

0 

1 

0 

0 

0 

0 

Shigella alkaleacens 

1 

40 

38 

43 

58 

40 

39 

1 

43 

55 


1,000 

31 

32 

33 

45 

37 

38 

41 

50 


3,000 

23 

28 

30 

36 

33 

36 , 

39 

52 


5,000 

19 

24 

25 ‘ 

27 

21 

36 

38 

i 44 


10,000 

11 

20 

22 

26 

0 

0 

8 

27 

Escherichia coli 1 

1 

40 

i 42 

48 

53 

40 

39 

46 

51 


1,000 

31 

1 35 

38 

43 

1 38 

37 

44 

46 


3,000 

27 

29 

32 

36 

32 

39 

47 

51 


5,000 

21 

i 24 

25 

30 

21 

35 

40 

45 


10,000 

10 

1 

1 

21 

0 

1 ° 

0 

1 

Salmonella schotlmulleri 

1 

38 

1 

41 

51 

55 

36 

39 

50 

55 

12 

1,000 

18 

1 42 

1 47 

54 

18 

39 

50 

55 


3,000 


1 23 

1 ^ 

47 

2 

12 

47 

55 


5,000 


1 6 

28 

35 

0 

3 

43 

53 


10,000* 


0 

5 

1 15 

0 

0 

0 

41 

Proteus vulgaris Y 

1 

19 

' 39 

47 

52 

31 

37 

47 

50 


1,000 

12 

39 

46 

52 

20 

36 

47 

49 


3,000 

4 

29 

42 

50 

13 

36 

48 

49 


5,000 

0 

7 

34 

39 

2 

5 

34 

41 


10,000 

1 ’ 

0 

0 

0 

0 

0 

0 

0 

0 


Of the cultures listed above, the dysentery bacilli, P. vulgaris, P. morganii, and 
aureus need nicotinic acid for growth. The remaining cultures grow in the basal medium 
without the addition of preformed vitamins. Other vitamins and amino acids neede i 
P. morganii and S. aureus were supplied in amounts sufficient for optimum growth. 

The figures for growth represent turbidity on a scale of 0 for a clear tube and 100 or no 
light transmission. , 

* The results were somewhat variable in repeated tests, showing either no grow 
light delayed growth. 
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TABLE 1 — Concluded 


ORGANISM 

CONC. OP 
VITAMIN 

NICOTINIC ACID 

NICOTINAUIDB 

Growth at hours 

Growth at hours 

16 

24 

43 

96 

16 

24 

48 

96 


us/ml 









Proteus morganii 18 

1 

14 

45 

51 

56 

15 


48 

53 




38 

46 

51 

9 


46 

51 




15 

36 

39 

3 


37 

42 



0 

5 

31 

32 

1 

4 

34 

38 


10,000 

0 

0 

16 

25 

0 

0 

3 

6 

Pseudomonas fluorescens 

1 


14 

64 



14 

65 


12 

1,000 


17 

52 



8 

44 



3,000 

2 

10 

37 

47 

0 

5 

41 



5,000 

0 

3 

34 

42 

0 

0 

20 

42 


10,000 

0 

; 0 

7 

24 

0 

0 

0 

0 

Agrobacterium tumefaciens 

1 

4 

10 

20 

39 

5 

11 

21 

39 


1,000 

4 

10 

18 

31 

4 

10 

mm 

32 


3,000 

0 

6 

13 

20 

2 

9 

19 

18 


5,000 

0 

4 

11 

18 

0 

6 

19 

19 


10,000* 

0 

0 

0 

2 

0 

1 

0 

1 

10 

Staphylococcus aureus 161 

1 


20 

44 

45 

0 

21 

43 

44 


1,000 


18 

34 

41 

0 

12 

38 

38 


3,000 


10 

24 

29 

0 


33 

40 


5,000 

0 

6 

15 

20 

0 

4 

19 

28 


10,000 

0 

2 

4 

17 

0 

2 

2 

4 

i 

Bacillus subtiKs 

1 

0 

2 

13 

20 

0 

2 

17 

26 


1,000 

0 

5 

17 

22 

0 

3 

16 

23 


3,000 

0 


10 

16 

0 

2 

17 

23 


5,000 

0 

0 

3 

8 

0 

0 

14 

24 


10,000 

0 

0 

0 

4 

0 

0 

10 

30 

Bacillus megatherium 

1 

1 

7 

19 

36 

0 

3 

15 

33 


1,000* 

0 

0 

0 

0 

0 

0 

0 

0 


3,000* 

0 

0 

0 

0 

0 

0 

0 

0 


5,000 

0 

0 

0 

0 

0 

0 

0 

0 


10,000 

0 

0 

0 

0 

0 

0 

0 

0 


tests were negative at this level. Similar minor differences in results were seen, 
particularly in the case of Salmonella schottmulleri, A. tumefaciens, and Bacilluo 
megatherium. The strain of B. megatherium used in this study was more sens> 
tive to the effect of increased amounts of vitamin than the other cultures, t oug 
here again some differences in the results of repeated tests were seen, n rae 
case, B. megatherium grew slowly and poorly in the presence of 1 ,000 an ^ , 
per ml of nicotinic acid or nicotinamide; in other tests it failed to grow m e 
presence of 1,000 ng and larger amounts of vitamin. 
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Some additional cultures, not shown in table 1, were used also. Other repre- 
sentative strains of dysentery baciUi, a strain of Escherichia coli, one of P. fim. 
rescens, and several strains of Salmonella aerlryche and Salmonella enlcrilidis, were 
affected in essentially the same way as those shown. Another strain of Prolm 
vulgaris proved to be somewhat less sensitive to the inhibitive effects of large 
amounts of vitamin than the Y strain of table 1 ; it was able to grow regularly, 
though slowly, in the presence of 10,000 pg of either nicotinic acid or amide. An 
additional P. morganii behaved similarly to the number 10 given in the table. 
A laboratory stock culture labeled Bacillus vulgatus responded to increased 
amounts of vitamin much as did Bacillus subtilis. 

In some of the tests the nicotinic acid or amide was added to the medium be- 
fore sterilization and was autoclaved in the mediiun ; in other experiments this 
procedure was varied to avoid heating the vitamin in the medium. A neutralized 
solution of vitamin was either filtered separately through sintered glass filters 
and added to the previously autoclaved medium, or the vitamin was incorporated 
directly, in the desired concentration, in the unsterilized synthetic medium and 
the completed medium then sterilized by filtration and transferred aseptically 
into tubes. The results of comparative tests with a number of cultures showed 
no real difference in the effect produced by the 1,000-, 3,000-, 5,000-, and 10,000- 
pg concentrations, whether the vitamin was filtered or autoclaved in the medium. 

The tests shown in table 1 were made with commercial samples of the vitamin. 
Although the product is known to be one of high purity, it was desired to check 
the results with a specially purified sample. Accordingly a small quantity of 
nicotinic acid was sublimed and recrystallized from water.* Comparative tests 
were made with the sublimed and the commercial product, using representative 
cultures from among those shown in table 1. The results were the same in each 
case: the degree of inhibition caused by the 3,000, 5,000, and 10,000 concentra- 
tions was of the same order of magnitude. There seems to be no reason for 
believing that the inhibitive effects of nicotinic acid were caused by an impurity 
in the sample. 

On substitution of 0.5 per cent glycerol for glucose in the synthetic medium, 
growth of the bacteria was slower, requiring often several days to reach fullest 
development; but the inhibitive effect of the 3,000-, 5,000-, and 10,000-pg con- 
centrations of both nicotinic acid and nicotinamide was just as apparent as m t ic 
presence of glucose. 

Successive transfers. Four cultures which were inhibited by 10,000 pg o c 
vitamin were grown successfully in the basal synthetic medium, with 0.5 per ce 
glucose, through 35 transfers in the presence of 5,000 pg nicotinic acid per m • 
Growth appeared rather readily on successive transfers, often within 24 houi^ 
On microscopic examination the cells appeared somewhat swollen and stain 
rather irregularly with fuchsin or gentian violet, in contrast to their usual appein 
ance on the synthetic medium with smaller amounts of vitamin or on ^ 

Casein digest. When acid-hydrolyzed casein digest supplemented wit - re 

^ The writers are indebted to Dr. J. W. Moulder of this department for the eamp 
sublimed nicotinic acid. 
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cystine per ml was substituted for the ammonium nitrogen of the basal synthetic 
medium, the retarding effect of high vitamin concentrations was distinctly less 
pronounced. The 3,000-/ig level caused slight growth retardation, which often 
was evident only during the earlier periods of observation. Five thousand pg 
produced a somewhat more marked effect, though here, too, growth at times ap- 
proached that in the 1.0-pg controls after 40 to 48 hours’ incubation. At 10,000 
fig, growth was retarded, though seldom completely inhibited. The results with 
two cultures, which are representative of 12 others compared in this way, are 
shown in figure 1. 


S. parad^senterioe 6 R morganlf 18 



Fig. 1. Growth Response of Two Cuetobbs in the Ammonium Salt Synthetic 
Medium and in Casein Digest Medium in the Presence op xIigh 
Concentrations of Vitamin 


— r , H Trim nniiint salt medium. 

, casein digest medium. 

• = 16-hour, and O = 40-hour, results. _ 
Turbidity of the cultures, as shown by colorimeter readings, is 
nucrograms of vitamin per ml of medium. 


plotted against the 


Evidently, with a varied supply of amino acids at hand the effect of vitamm 
imbalance is less marked. A comparable effect was not secured by incre^mg 
the amount of inorganic nitrogen in the amm onium phosphate synthetic me 
an experiment which was tried with several levels of the nitrogen compoun u 
with results quite different from those secured with the casein digest. 

Yeast extract. The inhibition ordinarily produced by 10,000 fig per ml o 
nicotinic acid or amide was nullified in the presence of comparative y sma 
amounts of yeast extract. Typical results are given in table 2, which sesames 
experiments in which decreasing amounts of yeast extract were a e oge 
with 10,000 fig of vitamin and the resultant growth was compare ^ 
the basal medium plus 1.0 fig of vitamin. One-tenth per cent yeast extract, or 
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1,000 ng of dry material per ml, miUified the inhibition quite effectively. With 
decreasing amounts of yeast extract tins effect became less apparent, until at 
levels of 0.001 to 0.0001 per cent, or 10 and 1.0 fig of dry yeast extract per ml, the 
“protective” effect of the yeast extract was no longer evident. Simitar results 
were secured with several other cultures. 

Known compounds. The effect of yeast extract could not be duplicated with .a 
mixture of known vitamins and compounds of related interest. At best only .a 
rather feeble countering of the effect of 10,000 fig nicotinic acid or amide was 
secured by a mixture of twelve crystalline vitamins, purines, and other 
substances. In table 3 this is seen in the case of the Sonne dysentery number S 
culture, in which light delayed growth appeared in comparison with the c]c.ar 
tubes of the 10,000-ag amount without the added growth factors. Even this 

TABLE 2 

The effect of varying quantities of yeast extract in the presence of large amounts of vitamin 

SQICEUA PASACVSEMTESUZ SONNE 8 
Nicotinic acid 


33 41 47 

0 0 0 

40 41 45 

37 39 43 

19 22 22 

12 19 21 

0 0 2 

0 0 0 

0 0 0 

The figures for growth represent turbidity on a scale of 0 for a clear tube and 100 for no 
light transmission. 

slightly beneficial effect of the growth factors was not always apparent, fhe 
growth of P. vulgaris Y was not aided by the mixture of vitamins in the presence 
of 10,000 fig nicotinic acid or amide. However, several other cultures, including 
three additional strains of dysentery bacilli and another of P. vulgaris (not shown 
in the table), gave results more in line with those of the Sonne 8 culture. 

An increase in the amount of vitamins and other compounds in the mixture to 
from 5 to 100 times the concentrations first used produced little improvement in 
overcoming the inhibition caused by the 10,000 fig of nicotinic acid. In no ctue 
did the effect of the vitamin mixtures approach that of 0.1 per cent yeast extrac , 
though the total dry weight of crystalline substances added was substanto ) 
the same as the amount of yeast extract. The vitamin mi-xture and casein oC- > 
when added together, were as effective as yeast extract in counteracting t e i 
hibition of 10,000 fig of nicotinamide in the case of the Sonne 8 culture (ta e 


50 
0 

51 
4S 
2i 

21 

n 

0 

0 


Growth at hours 



Itl/ml 

1.0 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 


0.1 

0.05 

0.01 

0.005 

0.001 

0.0005 

0.0001 



Nicotlnaiaide 
Growth at hours 

16 I I «8 I M 


AUUONimi PEOSPEAlt. 
SYNT HE T I C UEDlXm PLUS 
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A few crystalline compounds were added singly in the presence of large amounts 
of nicotinic acid or amide, but at best they exerted little effect in overcoming the 
inhibition caused by 10,000 /ig of the vitamin. The list comprised several amino 
acids including cystine, thioglycolate, methionine, and choline. 

Higher amounts of nicotinamide. Since a number of the bacteria grew readily 
in the presence of 10,000 pg per ml of nicotinic acid or amide when yeast extract 
was supplied, several higher amounts of vitamin were tried in the presence of 
yeast extract. Of 16 bacteria tested, only the staphylococci were able to grow 
under such conditions. Two strains of S. aureus and one of Staphylococcus albus 
produced visible growth within 24 or 48 hours, and moderate growth later, in the 


TABLE 3 

The effect of yeast extract, crystalline vitamins, and casein hydrolysate in the presenee of 

large amounts of vitamin 


AUHONIUV FnOSFnATC SYhTUEnC UEDinU 

, PLUS 

S. PASADVSENTESIAE SOIfNE 8 

F. VULGAStS Y 

Nicotinic acid 

Yeast eitt. 

Vit. mist. 1 

Casein 

Growth at hours 

Growth at hours 

or amide 

hyd. 

D 

a 


11 

m 

a 

Q 

11 

11 

96 

us/l*l 

% 


% 











Na 10,000 




0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

Na 10,000 

0.1 



31 

34 

36 

36 

42 

18 

35 

38 

39 

44 

Na 10,000 


*4* 


2 

9 

11 

11 

12 

0 

0 

0 

1 

2 

Nm 10,000 




0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Nm 10,000 

0.1 



31 

31 


36 

44 

3 

10 


33 

40 

Nm 10,000 


+ 


0 

0 


11 

19 

0 

0 


0 

0 

Nm 10,000 


0.5 

8 

36 


42 

48 

3 

16 


38 

46 

Nm 10,000 


+ 

0.5 

31 

32 


37 

40 

4 

20 


36 

43 


Na = nicotinic acid; Nm = nicotinamide. 

The vitamin mixture contained thiamine, calcium pantothenate, pyridoxine, riboflavin, 
folic acid, para-aminobenzoic acid, biotin, adenine, guanine, choline, inositol, and gluta- 
mine, and was added in an amount to supply enough of each factor for optimum growth 
of organisms known to require these substances. 

presence of 20,000 or 30,000 pg of nicotinamide and 0.1 per cent ye^t extract. 
All other types failed to grow in the presence of 20,000 pg nicotmamide, though 
they developed readily in 10,000 pg of the vitamin with 0.1 per cent yeast extract. 

DISCUSSION 

A comparison of the amount of nicotinic acid or amide needed for optiinal 
growth with the amounts needed to produce an inhibiting effect shows a wi e 
margin mdeed. Less than 0.1 pg of nicotinamide is suflScient for optimal growth 
of the dysentery bacilli and Proteus under the conditions of these tests. Organ 
isms such as E. coli, Aerobacter aerogenes, and related types, which do not need 
the preformed vitamin, have been reported to synthesize from about 0.3 to . /ig 
of nicotinic acid per ml of culture (Burkholder and McVeigh, 1942; Perlman, 
1945). Several thousand times or, indeed, many thousand times the amoun 
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needed for optimal growth, can be supplied before a really distinct growth-retard- 
ing effect is observed. Whether the same finding might apply to groups of bac- 
teria other than those used in this study is not known. 

The experiments in which the synthetic medium was used represent an extreme 
e.xample of nutritional imbalance, for here the cells were supplied massive doses of 
one vitamin in an environment in which other factors must be synthesized. 
Under such conditions the limiting effect of high concentrations of vitamin was 
more marked than when preformed compounds were supplied in casein hydroly- 
zate or in yeast extract. 

There is evidently in yeast extract something quite effective in nullifying the 
inhibition caused by massive doses of nicotinic acid or nicotinamide, but this 
effect could not be duplicated with a mixture of known crystalline vitamins and 
related compounds. Whether the effect of yeast extract may reside in only one 
or a few unidentified substances or be due more to a varied assortment of pre- 
formed vitamins, amino acids, and other nutritive substances is not definitely 
known. The results with casein hydrolysate and mixtures of known vitamins 
seem to point to the latter explanation as more nearly correct. 

When an array of nutritive substances was supplied preformed, the organisms 
seemed to experience little difficulty in carrying on metabolism, as expressed by 
the growth of cultures, in the presence of such large amounts as 10,000 pg of one 
vitamin. When the nutritive environment was strictly limited, and many sub- 
stances had to be synthesized by the cells, growth occurred but poorly or not at all 
in' the same concentration of nicotinic acid. Stated differently, it might be s£ud 
that in the presence of high concentrations of one vitamin the cells are more exact- 
ing and under such conditions fail to grow, or grow slowly, unless a varied assort- 
ment of other nutritive substances is supplied. 

SUMMARY 

An increase in the concentration of nicotimc acid or nicotinamide from the 
usual small amount, which supports optimum growth, to 1,000 pg per ml of 
mediiun produces relatively little effect upon the rate of growth of a number of 
representative bacteria. 

Concentrations of 3,000 and 5,000 pg per ml retard growth more-markedly, and 
10,000 pg often inhibits it completely in a simplified culture medium. Results 
are affected by the basal medium used. In casein hydrolysate the inhibition bj 
large amounts of the vitamin is less marked. 

Yeast extract nullifies the inhibiting effect of 10,000 pg nicotinic acid or nico- 
tinamide, but a mixture of crystalline vitamins and related compounds is muc 
less effective or is ineffective in replacing yeast extract. 

The large amounts of vitamin in the synthetic medium represent an extremt. 
example of nutritional imbalance, in which the cells are supplied 
amounts of one vitamin in an environment in which many other nutritive s ^ 
stances must be synthesized. Such maladjustment can be carried to surpruiOs 
levels before distinct retardation of cell metabolism, as e-xpressed by 
tion, becomes apparent. In the presence of certain amounts of vitamin w 
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inhibit growtli, bacteria which are not ordinarily exacting in their nutritive re- 
quirements appear to bo more exacting, and often fail to grow unless other pre- 
fomied substances in casein digest, and especially in yeast extract, are supphed. 
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A number of bacterial species are known to prefer media containing blood. 
An analysis of the growth requirements of such bacteria, however, in many cases 
shows that it is the protein contained in the blood which favors growth, and that 
fliis protein can be supplied in tlie form of any body fluid, such as ascites fluid, 
or by other proteins or protein derivatives. Strictly hemophilic species, in the 
sense that they require the X and V factors of Thjptta and Aveiy, are not known 
to exist outside the genus Hemophilus. To our knowledge no gram-positive 
organism is known to require these factors. If any such observation has been 
published, we have been unable to find it in the literature. 

A few months ago one of us, while e.xamining a blood agar culture, found some 
colonies which showed a marked satellite phenomenon, growing only in the 
neighborhood of other bacterial colonies, chiefly staphylococcus colonies, which 
grew in the same culture. The colonies resembled those of Hemophilus in- 
fluenzae, but a microscopic examination showed that they actually contained 
gram-positive rods with the morphological charactoistics of diphthcr<;ids, such 
as Corynehaclerium pseudodiphlhcricum. 

It was intended to make a detailed studr' of this organism, but unforbinately 
it died before the study was complete. Some experiments '.'.ere made, ho'^ever, 
on the growth-promoting effect of various other bacteria. In these experiments 
the gram-positive rod was streaked on blood agar plates with a loop in parallel 
streaks, ■whereas the various other microbes to be tested were streaked at right 
angles to the gram-positive rod, in widely separated streaks. 

Growth of colonies of the gram-positive rod was practically cxclusnely 
obtained close to the growth of the test organisms, where they were fairly large 
up to 1 mm in diameter. But at a distance from the test organism of § to 1 cm 
the growth of the gram-positive rod seemed to fail, and midway between two 
streaks of test organisms either no colonies at all could be seen, or only a few of 
pin-point size or smaller. 

Experiments with various other microbes gave the followdng results: An 
optimal grow'th-promoting effect wms obtained wdth Slaphylococcus aioeus, 
Staphylococcus albus, Bacillus anthracis, and Bacillus sublilis. A good effect w as 
obtained with strains of Alcaligenes, Escherichia, Klebsiella, Lislerella, N'cisseria 
pharyngis. Pseudomonas aeruginosa, Saccharomyces, Sarcina, Salmonella,^ and 
Slreptococcus pyogenes. A variable effect was obtained with different strains of 
diphtheroids, some showing slight activity, others being entirely ine^fecti^ e. 
No effect at all was obtained with H. influenzae (see nos. 1 to 3 in figiue 1). 

'Director: Professor Th. Thjptta, M.D. 
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I'lG. 1 

Vn' V ^’‘^^"'PSasasatellite to^iap/ij/^ococciis a/6us. Blooclagar. X5. 

AO... game strain growing as a satellite to £sc/iencftiaco;j. Blood agar. X .i. 

- o.d. game strain grmving as a satellite to a viridans streptococcus. Blood agar. Xj- 
Ao. f S ram no. 2. Gram-stained film. X 1,150. 

XT°' c' ^ satellite to Sloplii/lococciis aureus. Blood agar. X 

iSo. fa. gtrain no. Growth in ascites broth with X factor (left tube, no groutli). • 
factor (nght tube, no growth), and X -}- V factor (middle tube, fairly heavy growtli »a!i 
particularly heavy turbidity in lower half of tube). 

1 ?" ao. 2. Growth in ascites peptone water with 1 per cent 

and Andrade s indicator. Left tube: with V factor (no growth, no fernicntation). 
tube: mth X factor (no growth, no fermentation). Middle tube: with both X and > ig' ' ' 
gro^ th and acid production, shown by red color). Photographed with a green filter* 






1947] 


IIEMOPIIILIG GRAM-POSITIVE RODS 


757 


Thus a number of different organisms produced the factor which our strain 
required for its growth. By analogy, it seems likely that this must have been 
the V factor, as most of the same organisms show a growth-promoting effect on 
H. influenzae also. Proof can unfortunately not be offered so far as this strain 
is concerned. 

In regard to other properties of this strain, it was found that it grew equally 
well aerobically and anaerobically, and that in some cultures it produced two 
different types of colonies, one round, smooth, glistening, and slightly raised, 
the other smaller, tliinner, and slightly irregular. Both these colonies showed the 
satellite phenomenon, and the small irregular type seemed to revert to the 
smooth type in subculture. 

Some time later another one of us became aware of some similar colonies in a 
blood agar culture from the pus of a purulent pericarditis. These colonies grew 
as satellites around colonies of Staphylococcus aureus. They were indistin- 
guishable from those of H. influenzae, but were found to contain gram-positive 
rods of the same type as C. pseudodiphthericum. They had the properties 
which follow: 

Morphology. Short gram-positive rods, measuring about 1 ^ by 3 to 4 n, 
straight, and with rounded ends. Some rods showed clublike swellings of one 
end, and they showed a marked tendency to parallel, “palisade” arrangement. 
They showed a great resemblance to C. pseudodiphthericum (figure 1, no. 4). 
The rods were nonmotile. 

Colony. Small (up to about 1 mm), flat, transparent, colorless, smooth, and 
glistening, with a soft, homogeneous consistency. They resembled those of 

H. influenzae. 

Growth requirements. No growth was obtained on media not containing 
blood or the X and V factors. On blood agar plates growth was practically 
exclusively obtained in the neighborhood of colonies of other organisms. Staph- 
ylococcus colonies had a particularly strong growth-promoting effect (figure 1, 
no. 5). 

In fluid media no growth at all was obtained in peptone water or meat infusion 
broth, nor in the same media after addition of either the V or the X factor. 
Just perceptible growth was obtained in meat infusion broth containing both X 
and V factor (in the form of yeast extract and autoclaved blood extract). In 
ascites broth without X or V, or with only one of them, no growth occurred, but 
a heavy growth, ivith dense, even turbidity, was obtained in this medium with 
both factors present. Thus this strain is very exacting. It is unable to grow 
unless both X and V factors are present, and in addition it requires a medium 
rich in protein in order to make more than an exceedingly meager growth (figure 

I, nos. 6 and 7). • h V 

, Fermentation reactions. Twenty per cent ascites fluid and the X an^ 

factors were added to peptone water tubes containing 1 per cent of various 
sugars, alcohols, or glucosides. Weak acid was produced from glucose and 
fructose only. In tubes sealed with vaseline no growth occurred, indicating 
that this strain was strictly aerobic. 



758 


M. SVENDSEN, R. AMLIE, AND S. D. HENRIKSEN 


[vOL. 53 


DISCUSSION 

The two strains of gram-positive rods described above showed unusual growth 
requirements. The first strain, though incompletely studied, obi’iously de- 
manded some growth factor not present, or present in too small quantities, in 
blood agar. There is some circumstantial evidence that this factor was the 
V factor. 

It is evident that the second strain had an absolute need for both the X and 
the V factors, since no growth was obtained without them, and only very poor 
growth on blood agar which contains enough of the X factor but which may be 
somewhat poor in V. It seems clear that the growth-promoting effect of other 
microbes must have been due to their production of the V factor. This second 
strain was even more e.xacting in its demands than H. influenzae, as it refused 
to produce more than a very minimal growth unless ascites fluid was also added 
to the medium. 

Although we have no direct proof that our strains actually came from the 
material inoculated on the primary blood agar plates, it is felt that they must 
ultimately have come from an animal source, since it seems unlikely that sucli 
strains could exist except as parasites on some animal host. 

The classification of the first strain is impossible owing to incomplete in- 
formation, and that of the second strain is somewhat difficult in view of its 
unusual properties. It is known that many lactobacilli have peculiar nutritional 
demands, but it is not thought that our strain resembles the lactobacilli. It 
does not show the tendency to chain formation often seen in lactobacilli, but 
rather the palisade formation of the diphtheroids. Further, it is a weak 
acid producer, in contrast to the lactobacUli, but in fair agreement with many 
diphtheroids. To classify our strain as a Heino'philus species would be a mistake, 
since this genus should be reserved for gram-negative rods. 

In our opinion this strain should be classified as a Corunebaclerium. Its 
hemophilic properties might be used in coining a name, and the name Conjnchac- 
leriuin hemophiluin is suggested in case future investigations should justify its 
rank as a species. 

SUIEILVRY 

Two strains of gram-positive rods are described, which grow mainly as satel- 
lites around other bacterial colonies on blood agar. Both strains required some 
growth factor produced by other bacteria in addition to the substances containe 
in blood agar. 

The only strain studied in detail was absolutely dependent upon both the - 
and V factors of Thjptta and Avery and, in addition, showed a great preference 
for media rich in animal protein. . 

It is suggested that this strain should be classified as a Corynehaclcriuin, > 
should future investigations justify it, under the specific name C. Iicinophi urn. 
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A major problem which arises in work on the chemistry of bacteria is that 
of obtaining adequate amounts of organisms with the facilities of the ordinary 
research laboratory. For this purpose, in growing bacteria for chemical studies 
on Flexner dysentery organisms (Barnes, Dewey, Henry, and Lupfer, in press), 
a method was developed for obtaining large amounts of this organism rapidly, 
and in high concentration, using simple constituents and standard laboratory 
apparatus. The method is based on the observations that the organism flour- 
ishes in the presence of aeration (Topley and Wilson, 1936; Hoberman and 
Dubos, unpubhshed observations), and that growth is enhanced if the effect of 
the hydrogen ions produced during growth is buffered by suitable salts (Hober- 
man and Dubos). Conditions for culturing organisms in which a large surface 
is exposed to a gas phase have been described by several investigators (Mironova, 
1941; Clifton, 1943; Johnson, Bruce, and Dutcher, 1943 ; Hoberman and Dubos). 

By this method the virulent type III (Z) strain with which we were concerned 
was grown to concentrations 8 to 10 times those obtained over 18 to 24 hours 
by usual culture methods (table 1, figure 1). Also, the rate of growth was 
increased so greatly that each liter of culture medium produced this concentra- 
tion in to 3 hours. In this period, therefore, the final result was a net increase 
of 60- to 80-foid over the usual 20-hour growth rates. If, at the end of the 3-hour 
period, the bacteria were kept in the logarithmic phase of growth through the 
prompt addition of a fresh liter of medium, the effect could be reproduced as 
often as desired. 

The logarithms of the values for turbidity and live count are plotted against 
time in figure 2. It may be seen from this figure that the rapid regeneration rate 
of the organisms in still media during the first hour was continued after shaking 
began. During the logarithmic phase the number of live organisms doubled 
every 40 minutes, but after about 2| hours of shaking the regeneration rate 
decreased sharply. The relative increase in mass during the shaking period 
was only 3-fold, whereas that in numbers was 30-fold (table 1, figure 1). It is 
apparent that there is an extensive mean loss in mass for the individual oiganism 
during this period of rapid growth. However, the yield of antigen, as judged 

'The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
aient and the Children’s Hospital, Cincinnati, Ohio. 

“Present address: The Johns Hopkins Hospital, Baltimore 5, Maryan . 
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by the mouse test (Barnes and Dewey, to be published), was that e.\pecteil 
from the increased numbers of organisms. Further study of this phenomcuoa is 
required to elucidate its place in bacterial growth. 

Both smooth and rough strains of type III (Z), the “Karim Khan," and .a 
Sonnei strain of Shigella were grown successfully. The virulent strain of type 
in (Z), when cultivated by the aeration method, showed a ratio of to.xicity to 
protective power in mice that was not significantly different from that shown by 
this strain when grown by usual broth methods in small amounts (table 2). 

TABLE 1 


Rapid growth run, no. 11, Flexner III (Z) dysentery bacilli 


SOQUee OF SAUPLH 

1 

LIVE COUNT 1 

UASS 

TUSBlDItY 


1 

2 

3 

n 

5 

6 

7 

S ' 

9 


mui 

m\ 

Unio* 

1* log OJ 
tia/ues tn 
column 

S/L 

UniU' 

log oj 

xoXuti trt 
column 5^ 

1 

Unitt* 

/ + lilt of 
ziluti 
(olunn j 

Prerun inoculumt 

16 





1 

361 



G at —55/60 hr 

1.6 

0.33 

0.52 



1 

1 

36 

0.33^ 

0.52 

G at 0 hr 

4.8§ 

1.00 

1.00 

1.77 

1.00 


119 

1.00 

1.00 

G at 2 5/60 hr 

44 

9.17 

1.96 

2.39 

1.35 

1.13 

1,098 

9.23 

1.00 

G at 3 5/60 hr 

102 

21.2 

2.33 

3.50 

1.98 

1.30 

2,499 

21.0 

2.32 

G at 4 5/60 hr 

129 

20.9 

2.43 

4.22 

2.38 

1.38 

3,010 

25.3 

2.-10 

G at 5 5/60 hr 




4.68 

2.64 

1.42 

3,5-10 

29.7 

2.-17 

G at 6 5/60 hr 








31.2 

2.-19 

1 


Log values are increased by one to avoid negative values. 

* Based on value of unity arbitrarily assigned at zero time. 

t Arbitrary units of concentration expressed as 1,000 (2 — log T), whore T = % trans- 
mission; 800 units represent 1 gram of dried organisms at higher concentration levels. 

t This 17-hr-old culture was grown by ordinary methods but in the enriched medium 
described; 100 mi of this culture were used as an inoculum for each liter of medium in the 
shaking flasks. The two values recorded arc about one-tenth of those reached by the 
growth curves at the end of the shaking period (see also figure 1). 

§ This one value was taken from a graph constructed from the other, experimental, live 
count data in this column. 


The apparatus may be set up also to operate continually day and night with 
fresh medium constantly flowing into the flasks and fully grown harvest being 
drawn off at the same rate. Under the continual ingress of medium and cgre.-53 
of harv'est, the type Z organisms grew at a very rapid rate. At the end of 9b 
hours of continuous growth, the bacteria were multiplying as well as during the 
early phases of the period. Because of difficulties in maintaining a stca< y 
flow of fresh medium and harvest, the average yield was about 3 g of bacteria 
(dry weight) per liter every 3 hours. Thus for the continuous operation t icre 
was a 40' to 50-fold increase over that rate of growth which takes place uu cr 
ordinary methods of culturing. 

This extremely rapid rate of growth is a very sensitive indicator of cu ure 
conditions. For example, restriction of growth to a concentration one-ten 
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that of the maximum occurred in one flask when the diameter of the air inlet 
tube was decreased to one-fourth of that leading to the other flask. Also it was 
found that whereas ordinary growth was easily achieved with the virulent type Z 
organisms, rapid regeneration was not accomplished until potassium salts were 
added to the medium. It seems likely that the effects of various substances 
and conditions on growth rate could be measured sensitively by the estimation 



•values are expressed as relative increases over 

ARBITRARILY ASSIGNED UNITY AT ZERD TIME, 

TABLE I, COLUMNS 2,5 AND 8. 

FlO. 1. SlilTJLTANEOUS CeLLNOES IN MaSS, TdBBIDITY, AND LiVE COUNT DuKING 
Geowth op Flexner III (Z) Dysenteby Bacilli 

of both rate of growth and maximal concentration under the conditions of this 
method. 

Two explanations have been advanced for the slowing and final cessation of 
growth at the end of the logarithmic phase. One, the older, ascribes the inter- 
ruption of growth to a gradual accumulation of inhibitory substances derived 
from bacterial metabolism during the growth of the culture. The other is 
supported by evidence indicating that the limits of necessary conditions for 
growth are exceeded by the demands of the large number of orga ni s m s present 
^t the end of the logarithmic growth phase (Topley and Wilson, 1936). If the 
®miched medium, used in the method described here, was not shaken but was 
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merely incubated for IS to 20 hours, the concentration of organisms was about 
one-tenth that achieved in the ensuing 2§ hours of shaking (table 1). As there 
was essentially only one variable, it is apparent that shaking was responsible 
for the continuation of growth as well as for the increased growth rate. Eliicitla- 



Fig. 2. Loo.vniTHiiic Changes in Live Count and Turbidity During Gnonru 
OF Flexner III (Z) Dysentery Bacilli 


tion of the mechanism of this effect of shaking should contribute, therefore, to 
the understanding of the factors ordinarily responsible for cessation of groe i- 
A number of possible explanations of the shaking effect are suggested, bn-. 
is that through the increased surface area, greater accessibility to the 
supply is provided. Another is that shaking permits volatile toxins, suo i 
excess of carbon dioxide, to be removed more rapidly, or others to be oxn 
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Another possibility is that the production of inhibitory substances proceeds more 
slowly in the presence of adequate supplies of oxygen. Various combinations 
of these effects also provide possible explanations for the observations. 

Among the numerous unsolved problems concerning the nature of growth in 
normal and pathological cells is the fact that little is known concerning the 
potentialities for growth which are inherent in a system of normal cells when the 
only variables are the accessibility and rates of removal of metabolites. The 
rates of growth achieved here clearly show how tremendous these potentialities 
are. They suggest the possibility that rate of growth as well as its extent in 
biological systems can be altered greatly by merely changing the rate of supply 
and perhaps removal of metabolically active substances. It may not be neces- 
sary to assume that there is any change in cancer cells other than that producing 
a slight change in the rate at which nutrient substances and oxygen are made 

TABLE 2 

Comparison of different methods of culture of Flexner III (Z) dysentery bacilli 


A: Ordinary broth-grown organisms, centrifuged and washed with saline, killed by 
heat at 60 C for 30 minutes 

• B; Organisms from continuous, rapid-growth run, treated in same way as A 


TOXIOTY 

PROTECTION 

TOXIC UNITS* 

(Dilution equal to 1 to.xic unit) 

(Dilution equal to 50% deaths) 

(Required to give 50% protection) 

A— 1:97 

A— 1:19.7 

A— 4.9 

B— 1:52 

B— 1:13.9 

B-3.7 


* The vaccines were compared by toxicity -protection test in mice (Barnes and Dewey) . 
The data were analyzed by Mrs. Estelle Brown with the Reed-Muensch method. 


available to the cellular mechanism. For example, this might involve only a 
change in permeability of the cell membrane. 

Rates of access and removal of metabolites with respect to bacterial cells 
may be a factor in the bacterial growth rate within the body of a host, and hence 
of importance in the virulence of invading organisms. The adaptation of 
bacteria to new environments may also be influenced by this same condition. 
Finally, this rapid adaptation of growth mechanisms which are ordinarily highly 
patterned is compatible with the findings of Schoenheimer (1942) and his school, 
namely, that synthetic and degradative cellular processes are going on in funda- 
mental cellular components rapidly and continuously. 

EXPERIMENTAL PROCEDURES 

Procedure. One hundred ml of an 18- to 20-hour-old culture of Shigella 
organisms are added to each of two 6-liter Florence flasks containing a liter of 
culture medium apiece. The flasks are shaken mechaiucally at 37 C w e 
sterile air is passed into the air space above the liquid. The rate of growth may 
be estimated by withdrawing, at intervals, 1 to 10 ml of mediuin throug ® 

near the bottom of the flasks and, after suitable dilution, measuring the tur i i y 
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by transmitted light in an electric photometer. A filter is used winch transmits 
a band of light having a mean wave length of G60 m/x. By this means one can 
follow the growth curve of the organisms. By plotting the unit concentration 
of organisms, 1,000 (2-logarithm of the transmission), against the passxigo of time, 
one can relate any later readings to the curve so obtained (figure 3), thus permit- 
ting removal of the culture at any phase of growth. If desired, a unit of con- 



Fio. 3, Growtu Curve of Flexnbr III (Z) Dysentery Organisms Based on 
Measurements of Turbidity 


centration on the graph may be easily standardized in terms of milligrams oi 
nitrogen or grams of dried organisms per liter. 

Near the end of the logarithmic phase of growth, which occurs about 1 to 1 
hours after the shaking of the first batch has begun, the harvest is tapped off ^ 
a liter of fresh medium is added to each flask, a suitable inoculum always h in, 
present in the foam and draining medium left in the flasks from the pro 
run. The organisms will now grow to the previous maximum conccutrai*'-'^ 
in 21 hours, having remained in the logarithmic phase of growth. 
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After the growth curve of the organism in this apparatus has been characterized 
adequately, it is possible to operate on a continuous 24-hour a day basis. For 
the first liter in each flask the procedure is the same as described above. When 
the growth of organisms in this first liter approaches the end of the logaritlimic 
phase of growth, fresh medium is started flowing continuously into the two 
shaking flasks, and at the same rate the fully grown culture material is allowed 
to flow out of the flasks at the bottom. Tiiis is collected in large bottles, to 
which a bactericidal agent is added from time to time. 

Media. The medium used is much more concentrated than the usual medium 
and is composed of the following constituents per liter: 


Nutri-poptouo (Wilson) 20 g 

Bacto beef e.xtiact (Difeo) 10 g 

NaAIPOrWIh.O 18 g 

KHjPOi 2.7 g 

NaCl 1.0 g 

Glucose S.O g 

Nicotinic acid 0.0001 g 


All of these constituents except the nicotinic acid and sugar are dissolved in 
the required amount of water, heated to 60 C, filtered hot through coarse filter 
paper, and then filtered in 2-liter lots tluough sterile Seitz filters. This raediiun 
remains clear. For large amounts, as the Seitz filtration is awkward, after 
filtration through paper the medium is autoclaved. Folloving this a moderate 
amount of precipitate settles out on standing; this can be removed by siphoning 
off the overlying medium. The nicotinic acid is dLss>.ih'ed in v’ater (10 mg in 
100 ml), sterilized 10 minutes in the autoclave, and added to the medium at tlio 
time of addition of the organisms. The glucose also is dissolved sepaiately in 
some of the total water as a 5 per cent solution and steiilized separateh'. 

Apparatus. The photograph (figure 4) shows the apparatus set up tor con- 
tinuous automatic use. However, if one wishes to gi-ow only a few liters ,it a 
time, a large flask is not needed above the apparatus as a source of medium. The 
inlet tube for the medium (detail of area 6) in each shaking flask is then fitted 
up with a rubber stopper, and the outlets (12) are left plugged with cotton and 
unattached to rubber tubing (18 and 19). The medium is then introduced, a 
liter at a time, by siphons from small flasks. 

The two central flasks (A and B) are the essential features. They arc 6-liter 
Florence flasks with a small outlet tube fused into the side of each near the 
bottom. In the outlet tube is a glass stopcock (12). The stoppers in the flask 
necks are rubber, with three holes (see detail of area 6): one for air through 
which passes 7-mm glass tubing, one for introduction of the medium with 12.5- 
mm tubing, and one for an air vent (with 7-mm glass tubing) for which one oi 
two ordinary distilling traps will suffice. The stoppers with these three glass 
fittings are wired firmly into the necks of the flasks, then covered with cotton 
nnd paper. Air is obtained directly from the compressed air line in the laboia- 
tory, is passed through 100 ml of concentrated sulfuric acid (22), then tluough. 
an air trap (23), and finally through a sterilized drying tube (9) filled with cotton. 
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theTtubf (7).'“ tho air leavr. 

flasks are placed on a platform (13) and held in place hv 
&liallo\\ metal receptacles (made from tin cans and attached to the platform) and 



Fig. 4 


bj- a plywood yoke (25) through which the necks of the flasks protrude. 'I'Ih' 
yoke IS held down at each end by a long bolt (11) and a wing nut (10). 'I'lie 
as '' ^iG well padded. The platform is made to move up and down on eai h 
side of an a.vis (24) in the direction of the arrows by an electric motor (17). 
crank shaft is operated from the motor pulley (15) at 170 rpm, the platform 
and crank being joined to a wrist pin on the lower part of tlie jilatform Iw a 
pitman (14) from a crank pin. There is an e.xcursion of the platform of 1 
opposite the center of each flask. The center of the flasks i= oppo.-.itc a port;'. 
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12 cm from the fiilcruin (24) of the platform. The motion is just enough to keep 
the contents constantlj^ and vigorously tossed about without causing them to 
strike violently against the walls. 

For continuous oj)cralioii the apparatus is set up as pictured so that media 
may be led in constantly from the upper bottle (C) through the siphon (3). 
The siphon may be started by blowing through a tube (1) and cotton filter (2). 
The rate of inflow is measured by means of drip counters (5) and controlled by 
clamps (4). The medium is run into each flask from the counters (5) through 
rubber tubes (IG) at about one liter every two hours. The outlet tube (21) is 


MEDIA INLET 



Fig. 5. Detail, of Area at No. 6, Figure 4 


raised or lowered to change the rate of egress of fluid. To permit better I'isual- 
izatioE, the outlet tube is pictured too low in the photograph and is usually 
placed about one-half inch below the level of fluid in the flaslcs when the platform 
is in a horizontal position. At tliis point the outlet behaves cpiite automatically 
and will control the level of liquid in the flasks within fairly wide limits of inflow 
of medium from above. One may control the operation through estimation of 
turbidity of the combined outflow from time to time. At times the turbidity of 
the medium from each flask may need to be measured separately. 

ACKNOWLEDGMENT 

We wish to thank Dr. Merlin Cooper for suggestions and INIr. J. Bell foi 
constracting the shaking apparatus. 

SDJULVRY 

A method is described by which Shigella paradijsenleriae organisms may be 
grown continuously at the rate of 4 g (dry weight) per hter per 24 hours with 
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simple laboratory apparatus. Certain rclatiousliips of the findings to problems 
of growth are noted. 
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The genus Streplonvjces has gained considerable recognition in the field of 
antibiotics. Outstanding members of the genus to date are Slreptomyces anti- 
Molicus (Waksman and Woodruff, 1941), Slreptomyces lavendulae (Waksman and 
Woodruff, 1942), and Slreptomyces griseus (Shatz et al, 1944), which elaborate 
actinomycin, streptothricin, and streptomycin, respectively. The streptomyces 
isolate studied in this work bears a resemblance to S. lavendulae but has mor- 
phological and biochemical characteristics that differentiate it from this described 
species. Moreover, by biological and chemical tests, the antibiotic activity 
of the isolate lias been found to result from a mixture of at least two antibiotic 
substances. Subsequent chemical fractionation has yielded one material in 
relatively pure form. However, the second active fraction has not been fully 
separated from the first. A more complete study of the purified fractions will 
be reported later. 

This paper covers the production of antibiotic activity, the preparation of 
crude concentrates, activity tests, and prelimmary attempts to separate the 
active components. Some of the methods and techniques applied to determine 
the dual nature of the antibiotic activity may be of -service to others confronted 
with an apparently new biologically active substance. 

EXPERIMENTAL RESULTS 

Isolation, description, and identification of the slreptomyces isolate. The strepto- 
myces was isolated by one of us (C. F.) from a contaminant on a petri plate 
seeded with Brucella abortus. The presence of the contaminant was character- 
ized by a large zone of inhibition surrounding the streptomyces colony. This 
contaminant was picked and subjected to extensive study for the production of 
the antibiotic material. Extreme care was exercised at the outset to ensure a 
pure culture, but to ensure further its purity, single colonies were picked from 
sgur plate dilutions of spores of the mother culture and propagated individually 
to afford sufficient inoculum for shake cultures. Following growth of the cul- 
tures in shake culture flasks for 5 days, the broths from 20 such spore isolates 
Were assayed for potency by the Bacillus subtilis cup assay method and also 
subjected to bacterial spectrum analysis bj'- the agar streak method with strep- 
tomycin-resistant test organisms (methods described below). Although the 
yield of active material varied appreciably among the 20 cultures, their bacterial 
fPectra were similar. It was concluded that the streptomyces culture was pure 
^ofar as the antibiotic activity of individual spore cultures was concerned. 

Together with S. lavendulae (Waksman no. 10 strain) and 5. griseus (Waksman 
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no. 10 strain), the newly isolated strep tomyces was examined systematically for 
its morphological and biochemical characteristics according to the procedures 
of Waksman (1919). To ensure stabilized cultures, the three organisms were 
first maintained on sterile soil for 5 weeks. The S. laveiidulac and S. griscus 
cultures were found to coincide closely with the descriptions presented by Waks- 
man. However, the newlj' isolated culture did not sufficiently resemble any 
species in Waksman’s key to justify ascribing a known species name to it. 

On the diagnostic media the isolate displayed distinct differences from 5. 
lavendulae in type and amount ‘of growth as well as in soluble pigment production. 
On Dorset’s egg medium S. griseus produced a wrinkled, yellow growth, formed 
no soluble pigment, and caused no liquefaction; 5. lavendulae produced a wrinkled 
purple growth, formed a pink soluble pigment, and caused liquefaction; whereas 
the streptomyces isolate produced a clay-colored growth, formed a brownish-drab 
soluble pigment, and caused no liquefaction. On Loeffler’s blood serum S. 
griseus appeared as a yellow grow’th, produced no soluble pigment, and caused 
liquefaction; S. lavendulae appeared as a light cinnamon-colored growth, pro- 
duced no soluble pigment, and caused no liquefaction; the isolate appeared as a 
clay-colored growth, produced a pink soluble pigment, and showed questionable 
liquefaction. Soluble pigments were produced on glycerol nitrate by S. griseus 
(yellow) and by S. lavendulae (brown), but not by the isolate. On this medium 
the aerial hyphae of <S. griseus were w’ater green, of S. lavendulae lavender, and of 
the isolate pallid mouse gray. Moreover, sharp differences were observed in 
the structure of aerial hyphae. 5. griseus produced straight sporogenous hy- 
phae, S. lavendulae slightly coiled hyphae, and the isolate tightly coiled hyphae. 
The most striking biochemical difference was the failure of the isolate to liquefy 
gelatin or peptonize milk after 1 month of incubation at 25 C. 

Assay and production of the antibiotic material. Solutions of the antibiotic 
were assayed by the “penicylinder” plate method, with B. subtilis Marburg as 
the test organism. The diameters of the zones of inhibition, when plotted 
against the logarithm of the dosage, exhibited a linear relation, and the slope 
of the curves was similar to that obtained with streptomycin. This relation 
was found also when the test organism was B. subtilis ATCC 6633, B. mycouks 
(Waksman), and Serratia marcescens (Waksman). Accordingly, in evaluating 
the activity of solutions of the new antibiotic, all samples were assayed against 
a streptomycin standard, and the values were expressed as equivalent to strep- 
tomycin units assayed against B. subtilis. For routine assays, large plates o 
the type described by Beadle et al. (1945) were employed. The streptothricin 
xmit also was standardized to the foregoing streptomycin unit. 

Propagation of the streptomyces for production of the antibiotic was almto- 
exclusively by submerged culture in shake culture flasks (300 to 400 ml of liq^' 
or in aerated fermenters (10 liters and 200 liters of liquid). \^’hen 
containing soy flour hj'drolyzate, glucose, and salts or a medium containing -'A* 
flour, com steep, glucose, and salts was used, yields of 200 to 300 uniU per r.i^ 
were secured consistently- in 4 to 5 days. Variation of incubation tempemom^ 
between 24 and 29 C did not noticeably change the rate of formation or 
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to pH 2, treated with 0.3% Nuchar C-750 
30 min rapid stirring. 

Filter 


Nuchar 

Discard 


I 

Discard ppt 


Add NaOH to pH 9 
Filter 

1 

Add 2.6%DarcoG-60 
Stir rapidly 30 min 
Filter 


Darco G-60 Discard soln 

Elute with 1/S vol of 

20% MeOH in 0.2 n H1SO4 

Stir rapidly 30 min 

Filter 


Darco G-60: 

Elute with 1/10 vol of 20% 

MeOH in 0.2 N HjS 04. Stir 

rapidly 30 min 

Filter 

4 - ^ , 

Darco G-60 
Discard 

Add 50% Eoln of phosphotungstic 
acid until no further ppt 
Filter 

r 

Suspend ppt in 0.25 n Discard soln 

HjSO« and extract 3 times 
with solvent mixture.* 

Separate solvent and aqueous 
layer 


Solvent fraction Aqueous fraction 

Discard | 

Pass through Amberlite IR-4 
pH 1 — ^ pH 6.5-7 .0 

Freeze vacuum dry 

* Solvent mixture: 120 parts diethyl ether, 100 parts n-amyl alcohol, and 5 parts ethyl 
alcohol. 


niaxiinuin yield of the antibiotic material. Incubation at 37 C slightly depressed 
the final yield. 
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Purificalion of antibiotic material. Spot tests on clarified culture filtrate 
showed the active materials to be heat-labile (boiling or autoclaving at 15 pounds’ 
steam pressure for 30 minutes), acid-stable (pH 1 for 2 hours), alkali-labile (pH 
11.5 for 2 hours), adsorbable on activated carbon, precipitable by phospho- 
tungstic but not by trichloracetic acid, and not extractable at pH 3.0 or 8.1 
by ether, chloroform, amyl acetate, or ethyl acetate. 

On the basis of the foregoing and subsequent data, the accompanying method 
of processing was evolved. 

The foregoing purification procedure, when culture filtrate of 200 to 300 u 
per ml is employed, has given a recovery of 40 to 55 per cent of the activity, ;vj 
400 to 600 u per mg material. A 190-liter batch gave a recovery of 39 per cent 
at 592 u per mg; the only other large run to date, 230 liters, gave a recovery of 
53 per cent at 483 u per mg. 

For convenience the antibiotic (when considered as a mixture of active 
fractions) will be designated in the remainder of the paper as “F.” 

Comparison of antibiotic “F” with streptothricin and streptomycin. Bacterial 
spectrum analysis of the three antibiotics by the agar streak method (4 per cent 
trj'ptose agar, Difeo) showed that the inhibitory action of antibiotic “F” re- 
sembled that of streptomycin, but “F” resembled streptothricin in its effect on 
the Bodenheimer organism (table 1). 

A comparison was therefore made with this organism on a less nutritious 
medium, nutrient agar (as recommended for the streptomycin test by the Food 
and Drug Administration, July, 1946). The Bodenheimer organism was fouml 
to withstand more than 1 ,000 u per ml of streptomycin, whereas it was completely 
inhibited by 1 u per ml of antibiotic “F.” A number of preparations of antibiotic 


“F” were tested in this way, and the effect was found to be consistent. 

The three antibiotics were compared by the cysteine inactivation, iodine re- 
generation procedure of Denkelwater el al. (1945). According to these workers, 
streptomycin may be completely inactivated with cysteine and subsequently 
reactivated by treatment with iodine, but the activity of streptothricin, on the 
other hand, is not affected by cysteine. Table 2 shows the results of represen- 
tative tests with cysteine and iodine. Some samples of antibiotic “F” responded 
to iodine regeneration, whereas others remained essentially unchanged, le-it-) 


on a large number of samples of the three antibiotics showed, on the average, 
that streptomycin samples were inactivated by cysteine with recov'ery' to 90 per 
cent of the original activity on iodine treatment ; streptothricin samples droppci 
to 75 per cent with cysteine and recovered to 95 per cent w'ith iodine; an 
samples of antibiotic “F” dropped to 50 per cent with cysteine and recovered 
SO per cent with iodine. However, there was wide discrepancy among samp.'- ’ 
of antibiotic “F,” particularly in regard to the percentage regeneration 


iodine. _ 1 1 i , 

To determine whether bacteria made resistant to streptomycin wou < a > 
be resistant to the new antibiotic, and vice versa, B. subtilis, tscherichvi r'y< 
Staphylococcus aureus, and Pseudomonas aeruginosa were carried through 
transfers on nutrient agar (FDA streak plate agar) containing increa-^m, ci. 
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centrations of one antibiotic. The resulting resistant cultures were tested against 
the other antibiotic. All the organisms developed resistance more readily 
against streptomycin than against “F.” The data are summarized in table 3. 
B. subtilis, E. coli, and P. aeruginosa were modified to withstand 1,000 u per nil of 
streptomycin, the highest concentration of antibiotic used. Only P. aeruginosa 

TABLE 1 

Bacterial spectra of streptomycin, slreptolhricin, and antibiotic “F” (iryptose agar medium) 


Numbers represent amount of growth compared with control cultures: 4 = equivalent 
to control; 0 = no growth. Incubation at 37 C for 48 hours 


OSGANlStf 

STKEPTOUYCm U/UL 

STHEPTOTHRICm U/UL 

ANTIBIOTIC 

‘P” u/UL 

0.3 

1 

3 

10 

m 

m 

1 

3 

10 

m 

m 

1 

3 


30 

B. subtilis Waksman 

3 

2 

1 

0 

0 

4 

3 

3 

0 

0 

3 

1 

1 

0 

0 

E. coli Merck 

3 

2 

2 

1 

0 

4 

4 

3 

2 

1 

3 

2 

2 

1 

0 

Af. phlei ATCC 355 

4 

1 

0 

0 

0 

4 

4 

4 

1 

0 

4 

1 

0 

0 

0 

B. megatherium. .... 

4 

4 

2 

0 

0 

4 

4 

4 

4 

2 

3 

3 

1 

0 

0 

S. aureus 209 

4 

4 

2 

1 

0 

4 

4 

4 

3 

2 

4 

3 

2 

1 

0 

Brucella abortus 7705 

4 

1 

0 

0 

0 

4 

4 

3 

0 

0 

4 

1 

0 

0 

0 

Brucella abortus 19 

4 

1 

0 

0 

0 

4 

4 

3 

1 

0 

4 

1 

0 

0 

0 

Brucella melitensis 

4 

1 

0 

0 

0 

4 

4 

4 

1 

0 

4 

2 

0 

0 

0 

Brucella suis 

4 

1 

0 

0 

0 

4 

4 

4 

1 

0 

3 

1 

0 

0 

0 

B. subtilis 6633 

3 

0 

0 

0 

0 

4 

3 

1 

0 

0 

2 

0 

0 

0 

0 

E. coli Waksman 

3 

2 

2 

1 

0 

4 

4 

3 

2 

1 

3 

2 

1 

1 

0 

B. mesentericus 

3 

3 

2 

1 

0 

4 

4 

4 

4 

4 

3 

3 

1 

1 

0 

S. aureus 24T 

4 

3 

3 

2 

1 

4 

4 

4 

3 

2 

4 

3 

2 

2 

1 

C. diphtherias 

3 

1 

0 

0 

0 

4 

4 

4 

4 

1 

4 

1 

0 

0 

0 

K. pneumoniae 

4 

4 

1 

0 

0 

4 

4 

4 

4 

4 

3 

3 

1 

0 

0 

P. aeruginosa 

4 

4 

4 

3 

2 

4 

4 

4 

3 

1 

4 

4 

4 

4 

2 

S. enteridilis 

3 

2 

2 

1 

0 

4 

3 

3 

2 

1 

2 

2 

1 

1 

0 

B. mycoides Waksman. . . . 

3 

3 

2 

1 

0 

4 

4 

4 

4 

4 

4 

3 

2 

1 

0 

S. hemolyticus 

4 

4 

2 

0 

0 

4 

4 

4 

4 

1 

4 

3 

2 

0 

0 

B. subtilis Marburg 

4 

4 

4 

3 

2 

4 

4 

4 

3 

3 

3 

3 

2 

2 

1 

S. albus 

4 

4 

1 

0 

0 

4 

4 

4 

4 

0 

4 

4 

1 

0 

0 

S. marcescens Waksman... 

4 

3 

2 

1 

0 

4 

4 

4 

3 

2 

3 

3 

2 

1 

1 

E. luvhi 

4 

4 

3 

2 

1 

4 

4 

3 

2 

1 

4 

3 

1 

0 

0 

S. schottmuelleri 

4 

4 

3 

2 

1 

4 

4 

3 

2 

1 

4 

3 

2 

1 

0 

S. suipestifer 

4 

4 

3 

2 

1 

4 

4 

3 

3 

1 

4 

2 

2 

0 

0 

Bodenheimer* 

4 

4 

4 

4 

4 

4 

4 

4 

1 

1 

4 

4 

3 

0 


* This organism was isolated by Dr. Bodenheimer of the College of Physicians and 
Surgeons, Columbia University, New York City. 


became resistant to 1,000 u per ml of “F”; the remaining three species withstood 

not more than 1 u per ml after eight transfers. . . 

When the foregoing experiment was repeated with a different prepara ion o 
“F” (organisms carried through 14 transfers in the presence of t e an i lo ics , i 
was observed that not only were “F”-resistant organisms generally as resiswn 
h) streptomycin, but streptomycin-resistant organisms were (mt e excep ion 
B. subtilis) equally resistant to antibiotic “F” (table 3). 
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TABLE 2 


C^jsleine inactii-ation, iodine regeneration of antibiotics 



CNTZEATEQ 

u/ml* 

\TTZZ CYSTINE 

AiTEi h ziG!:.'(ri.vtios 

u/ml 

of original 

u/nil 

of orvgual 

F-3 

434 

315 

6o 

3S9 

so 

Streptomycin 

550 

42 

s 

513 

93 

F1-2A-10 

550 

306 

56 

516 

94 

F3-1 

506 

3»4 

70 

504 

100 

Streptomycin 

597 

30 

5 

5S2 

93 

Streptothricin 

220 

17S 

81 

252 

114 

F31-30-7 

400 

111 

28 

295 

74 

F1-2A-10A 

705 

362 

51 

414 

50 

Streptomycin 

160 

tr 


134 

81 

F31-35-7 

400 

82 

20 


77 

F4-7-3C-10-2 


96 • 

45 


93 

F1-2A-10A 


447 

64 

447 

61 

Streptomycin 

160 

tr 


144 

90 

Streptomycin 

427 

tr 


367 

S6 

Streptothricin 

220 

165 

75 

216 

93 


• For ease of comparison, all original solutions are based on 1 mg per ml, so that figures 
in this column also indicate u per mg (i.e., degree of purity). 


TABLE 3 


Comparison of cultures made resistant to streptomycin (S) and antibiotic “F"- by serial transfer 


oac.o«'isu 

T2.EATUZST 

UAxunm CONC. ?£zaiTTiaa ctownz, u/m 

S tramfers (bzpt. 1) 

traiufcri (nxrr. 3) 

s 

“F” 

s 

"F" 

B. subtilis 6633 

Unmodified 

0.1 

0.1 

1.0 

1.0 


S-resistant 

1,000 

0.1 

1,000 

30 


F-resistant 

10 

0.3 

30 

30 

E. coli Waksman 

Unmodified 

0.1 

0.1 

3 

3 


S-resistant 

1,000 

0.3 

1,000 

1,000 


F-resistant 

1.0 

1.0 

10 

10 

S. aureus 209 

Unmodified 

0.1 

0.1 

3 

1 


S-resistant 

1.0 

0.3 

30 

oO 


F-resbtant 

1.0 

1.0 

30 

10 

P. aeruginosa 

Unmodified 

3 

3 

10 

10 


S-reslstant 

1,000 

300 

1,000 

l,CO) 


F-resistant 

1,000 

1,000 

l.COO 

1,001 


The preceding results gave the first definite indication that preparatJ.*-’ • 
“F” varied as to their antibiotic constitution. Accordingly, for a group o. 
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preparations obtained by slightly different procedures, activities were determined 
by the afore-mentioned plate assay with B. subtilis and E. coli against a strep 
tomycin standard. The E. coli and B. subtilis values and their ratios arb given 
in table 4. Whereas most ratios approximated 1.00, five preparations gave 
low ratios. 

Fractionation of antibiotic activity of “F.” As has been shown, preparations 
of “F” resemble streptomycin in their bacterial spectra (notable exception, 
Bodenheimer organism). This similarity was borne out in chemical and phys- 

TABLE 4 


E. coli:B. subtilis ratios of “F" preparations 


NO. 

K. COLI, U/UC 

B. SDBTnjS, u/ao 

E. coli:b. subtilis 
zAno 

1 

6&4 

579 

1.18 

2 

512 

450 

1.14 

3 

453 

424 

1.07 

4 

406 

428 

0.95 

5 

438 

456 

0.96 

6 

250, 203 

500 

0.50,0.41 

7 

482 

458 

1.05 

8 

3S0 

380 

1.00 

9 

470 

540 

0.87 

10 

340, 460 

716 

0.48, 0.64 

11 

488 

470 

1.04 

12 

528 

469 

1.12 

13 

416 

388 

1.07 

14 

304 

369 

0.82 

15 

249 

290 

0.86 

16 

279, 284 

555 

0.50,0.51 

17 

126, 128 

234 

0.54, 0.55 

18 

418, 371 

583 

0.72, 0.64 

19 

851 

756 

1.12 

20 

816 

821 

0.99 

21 

715 

766 

0.93 

22 

503 

635 

0.79 

23 

327 

377 

0.86 


leal tests. Both antibiotics gave a positive Sakaguchi reaction, yielded maltol 
(Schenck and Spiehnan, 1945) on alkaline hydrolysis, gave positive oxidized 
nitroprusside tests, showed only end absorption in the ultraviolet range of the 
spectrophotometer, and could be processed from culture filtrates in the same 
Planner. However, lack of correspondence of the “F” preparations to 
streptomycin was indicated by the cysteine inactivation, iodine regeneration 
experiments, E. coli: B. subtilis ratios, and by the susceptibility of streptomycin- 
jesistant cultures to some preparations of “F.” These data suggested that anti- 
iotic “F” was a mixture of biologically active substances, one of which might be 
streptomycin or streptomycinlike. The variation in similarities and dissimi- 
jarities of streptomycin and different “F” preparations seemed to indicate var- 
’^tiou in the biologically active components of “F.” 
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In \-iew of the foregoing considerations it was decided to investigate “F” prep- 
arations for mbctures of antibiotics. First, streptomycin-resistant “F’’-sus- 
ceptible, and streptomycin-susceptible “F”-resistant, bacteria were sought from 
a natural source (soil) to provide means for differentiation, .\bout 20 bacterb 
were readily isolated that were resistant to 1,000 u per ml of streptomycin and 
susceptible to 1 to 100 u per ml of *‘F” by the agar plate streak method. .Vttempts 
to find bacteria resistant to appreciable quantities of “F” were unsuccessful. 

By the use of these recently isolated test bacteria and also the Bodcnheiracr 
organism, spectrum analyses were conducted on preparations of “F” and on 
fractions that were obtained by chromatographic treatment (Brockman aliunin.a 
column). The data are given in table 5. Streptomycin and streptothricin were 
included for comparison. Each antibiotic was used at levels of 0.3, 1 .0, 3, 10, 30, 
100, 300, and 1,000 u per ml. 


TABLE 5 


Bacterial spectra of “F" preparations 

Figtitrca reprcs€at u per ml of a&tibloticjuit prerentiaggrowth of teat orjaaism. Tryptceeuw 

used. Iccubatioo 24 houra at 23 C. Streak agar plate tocholque employed 


AioiBKmc 

VjUG 

TEST OECAXlSU 



X'o. 6 

Xo. 10 

Xo. 12 

Xo. 14 

Xo. 16 

Xo. 17 

Xo. 21 

No. 2! 

Botfes* 

belsu 

Streptomycin 

m 

>1.000 

>1.000 

>1.000 

>l,Ctt) 

>1.000 

>1.000 

>1.000 

1.000 

>1.0C« 

>1,000 

>1.CC0 

Streptothricixi 

270 

10 

30 

3 


3 

1 

ICC 

1 

>1C0 

30 

37 

F no. 1 

705 

30 

30 

3 

30 

10 

3 

30 

10 

ICC 

lO 

133 

Fno.2 

617 

10 

30 


30 

10 

10 

30 

3 

100 

100 

33 

Fno. 3 

J79 

10 

30 

3 

10 

3 

1 

30 

3 

3CC 

10 

^3 

F BO. 4* 

SCO 

>1.000 

>1.000 


>I.OCO 

>1.000 

>1.000 

>1.000 

>1.000 

lOO 

>1.CC0 

>i.cco 

F BO. 5* 

250 

1 

3 


1 

1 

1 

3 

1 

ICO 

3 


F no. 6* 

160 

1 

1 

■ 

I 

3 

1 

3 

1 

ICC 

3 



• FractioM from chromatographic column. 


Table 5 indicates some spectrum differences among original preparations of “1 ” 
(nos. 1, 2, and 3) suggesting that different lots vary biologically. In general, 
however, their spectra correspond closely to that for streptothricin. 

When an “F” preparation was fractionated cbromatographically, antibiotic 
fractions of a type corresponding to no. 4 were obtained from the first elution. 
This material not only resembled streptomycin biologically, but also by such 
chemical tests as quantitative Sakaguchi determination, complete inactivation 
with ketone reagents, raaltol formation on alkaline hydrolysis, specilic rotation, 
and chemical analysis. Following elution of the streptomycinlike matcrul, 
a second antibiotic material was obtained of a more streptothricinlike ciiaractcr 
(nos. 5 and 6).' 

Since the foregoing work strongl 3 ' indicated that “F” preparations were t-o.o: 
posed of at least two antibiotic substances, efforts were directed to evolung^a 
procedure for assajdng one antibiotic in a mixture. The isobted stroptornjt.... 
resistant “F”-susceptible bacteria were examined in an attempt to oh.A.n s 

^Richardson, E. R., Trussell, P. C., and Grant, G- A., unpublished data. 
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suitable test organism. Although some gave favorable results, the Bodenheimer 
organism was most suitable. With this organism there was a linear relation 
between the diameter of the zone of inhibition and the logarithm of the dosage 
between the limits of 5 and 40 u per ml of streptothricin. 

Streptomycin alone did not inhibit the Bodenheimer organism at concentra- 
tions of 1,000 u per ml, but it enhanced the inhibitory effect of streptothricin when 
both were present. Gradational increases in inhibition of the test organism were 
observed when streptothricin concentration was kept constant while that of 
streptomycin was increased from 100 to 400 u per ml ; but from 400 to 1,000 u per 
ml of streptomycin did not further increase the inhibition. Accordingly, all 
dilutions of the streptothricin standard as well as those of “F” were made to 
contain 400 u per ml of streptomycin. Good reproducibility was thus obtained 
in assays of “F” preparations for streptothricinlike activity, the results of which 

TABLE 6 


Percentage of streptothricinlike material in “F” preparations and fractions 


Isrp’H KO. 

FOX£NCy» U/UG 

B. subiilu 

Bodenheimer 

% streptothricmlike 

1 

438 

60, 61, 74, 74 

14, 14, 17, 17 

2 

569 

10 

<2 

3 

208 

54 

27 

4 

265 

ISO, 175 

68 

5 

136 

35 

26 

6 

583 

332, 321 

55 

7 

705 

440 

62 

8D 

989 

<45 

<4 

8E 

902 

<15 

<2 

8P 

778 

<30 

<3 

8G 

590 

154 

26 

8H 

570 

200 

35 

81 

306 

88 

28 


are given in table 6. This shows that different preparations may vary from < 2 
to 68 per cent streptothricinlike material. The no. 8 series consists of consec- 
utive fractions from a chromatographic column. Appreciable amounts of the 
streptothricinlike material are present in the last three fractions, and relatively 
little in the first three. 

Rate of elaboration of antibiotic components of “F.” Six shake flask cultures 
(150 ml) were assayed against B. subtilis and the Bodenheimer organism (cup 
assay) at 4, 5, and 9 days of incubation, to determine total antibiotic activity 
and streptothricinlike activity, respectively. The data appear in table 7. 
The Bodenheimer-aetive fraction was produced in much smaller amounts ^^an 
the streptomycinlike fraction and reached its peak about the fifth day. ^ le 
streptomycinlike fraction was produced chiefly after the fourth day, reac ung a 
maximum at the ninth day. This difference in rate of formation is shown more 
clearly by the ratio of Bodenheimer organism activity to B. subtRis activity. 
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Accordingly, the premise seems acceptable that the isolate is an organism not 
previously described and that it elaborates a mixture of antibiotics. Whether 
this mixture is composed of only two separate active fractions is as yet uncertain. 
Evidence favors the identity of one fraction with streptomycin. All that may 
be presumed of the second fraction at present is that it is like streptothricin. 

Preparations containing the streptothricinlike component are to.xic. The 
antibiotic mixture produced by this new isolate of Streptomyces has been found to 
possess in vivo activity. 
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In reporting liis experiences on the use of the iiltramicroscope for examinins 
bacteriophage, d’Herelle (1924) stated: ‘Tf one follo->vs a bacillus culture inoc- 
ulated with the iiltramicrobe one secs that a certain number of the bacteria be- 
come deformed, first becoming swollen, then taking a spherical form, and at the 
same time verx' fine brilliant points appear in the interior of the bacilli. Then, 
suddenly, there is a rupture of the rounded bacillus and there lemains in its place 
a slight cloud of protoplasm in which are embedded the brilliant particles. The 
protoplasm dissolves within a few minutes liberating the corpuscles into the 
medium.” In his later book (1920), he repeated the statement tliat bacterio- 
phage can be seen through the ordinaiy microscope. 

In spite of the large amount of work done by d'Herelle. there Im f i ome to be a 
trend in this countrj" toward the belief that bacteriophage is submicrosevpie in 
sue and enzymatic in nature (Bronfenbronner 1027,. Usually, therefore, any- 
one who may see such particles is disinclined t ' Ivhove th it they aiv bseteno- 
phage. Even one who believes that they aiv is incducd. ir. the face o: the geneia! 
skepticism, to be rather circumspect in the pr *'e»ratK'n oi evidence oi such a 
nature. This is probabh’ the reason why Ma'Neai I iidjce. and Kmmwiede 
(1937) stated their observations in the fol'- amg .'oiu-. The mt.r;ice'lalar 
granules which retain the blue of the Cascemula stain are abuni,Ur.t m the t m leva 
vibrio altered by bacteriophage. The possibility rlia* the-e granuicj repiesent 
the particles endowed with the property of reproduction and wuh the property 
of secreting the lytic enzymes of the bacteriophage principle is icorthy or careful 
consideration.” 

In 1943 Luria, Delbriick, and .Anderson reported that bv' the use of the electron 
microscope it was possible to see the particles of the bacteriophage for Esc.'n nrh m 
coli. Baylor, Severens, and Clark (1944) reported similar results for the bacte- 
riophage specific for Salmonella puUorum. 

Source of biological material. In an effort to prepare bacteriophage for ob- 
servation under the ordinary microscope, four strains of the pea nodule organnm, 
Khizohiiim leguminosariim, were used. The first, and most frequenth studied, 
denoted B 4 , is an isolation from a commercial legume culture used foi inoculaLin^ 
peas, and was selected, from others similarly isolated, mainly because of its 
susceptibility to the action of bacteriophage. The other strains studied here 
u-ere obtained from the University of Wisconsin, and are listed in that collection 
as nos. 303, 311, and 313. 

‘Journal paper 704, New A'ork State .Agricultural E-xperiment Station, Geneva, N.\., 

ilarch 6, 1947. 
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Bacteriophage was obtained from three different soils in the neighborhood of 
Geneva which were found, during an investigation of the subject, to contain 
relatively large numbers of bacteriophage particles specific for the pea nodule 
organism. All were obtained by incubating 1 ml of a 24-hr culture of B 4 in the 



1 


I 


Fig. 1 . Electron Micrograph of Cell of Rhizobium 
LEGU.MIXOSARU.M, Showing Fl.vgellu.m 

medium of Campbell and Hofer (1943) for 24 hours and then filtering it through 
a Berkefeld N candle. 

Preliminary observations. During the course of some ivork with the electron 
microscope on Azoiobacler flagellation during the summer of 1943, there was op- 
portumty for a limited amount of studj'’, also, of some preparations of bacterio- 
phage for Rhizobium leguminosarum, the pea nodule organism. These studies 
were conducted through the courtesy of Dr. James Hillier and the RCA Lab- 
oratories at Princeton, New Jersey. 
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Cells of Rltizobiuin leguminosaruin from the sauerkraut-calcium-glycerophos- 
phate medium of Campbell and Hofer (1943) appeared as in figure 1, and figure 2 
illustrates the appearance of the cells in the presence of the bacteriophage. In 
figure 2 can be seen particles like those said by Luria, Delbriick, and Anderson 
(1943) and by Baylor, Severens, and Clark (1944) to be bacteriophage. There 



1/t. 


Fig. 2. Electron Micrograph of Dividing CELLs^oi^Rmzo^^^^ Pautici.ls 

Showing Attached Flagellum and, i. ‘ > 

are also smaller particles of the same shape, particles and, 

to be round. Study of ^ bacterial flagellum 

particularly, of the larger ones, is giea nicture. The .same thing 

which is visible in the lower left-han coin ^ Delbriick, and .Viulcr.-mi 
was found to be true in the published plates of Luna, Delb.ue , 

(1943). 
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This suggested that, since bacterial flagella can be seen under the ordinary 
microscope, following staining by appropriate technique, these particles, which 
have a still greater diameter, should also be visible. This is all the more true 
since the fact has been shown that the larger viruses can be stained and examined 
under the ordinary microscope (for reviews of procedures see Kaiser, 1938; 
Mallory, 1938; van Rooyen and Rhodes, 1940). Furthermore, Burnet and An- 
drewes (1933) make a similar statement, not only for certain viruses, but for 
the larger bacteriophages. (After the present work was begun, Pijper, in 1915, 
reported that the bacteriophage of Eberthella iyphosum could be seen under the 
ordinary microscope by dark-field studies, using sunlight as the source of il- 
lumination. The present work has been reported in a preliminary wa}”^ by Hofer 
and Richards in 1945.) 

Objects. In Anew of the above possibilities, it seemed worth while to try to 
find procedures by Avhich bacteriophage could be seen under the ordinary mi- 
croscope. Another purpose was to attempt, thereby, to bring greater simplicity 
and directness into the study of bacteriophage than is possible by the use of the 
electron microscope. Furthermore, staining procedures, if they could be de- 
veloped, would be helpful in differentiating various lands of material. 

STAINING METHODS 

Use of fluorescent dyes. Work by Richards, Klein, and Leach (1941) with the 
tubercle organism shows that the cells appear larger when stained with carbol 
auramin and irradiated with ultraviolet. Cells so stained convert the in- 
visible short waves into the longer waves of visible light. There are reports that 
the same principle can be used to magnify the images of the virus particles 
(Hagemann, 1937; Kaiser, 1938; Levaditi and Reinie, 1939; Aksel, 1941; Gohde, 
1944), and tliis suggested the use of this technique for the particles under in- 
A^estigation. 

Since the procedures Avith carbol auramin had been well worked out for use m 
the diagnosis of tuberculosis, the first work Avas done with this dye. Tests were 
made simultaneously, hoAvever, Avith primulin and thioflavine. Various pro- 
cedures Avere investigated for use Avith these dyes, but the one that seemed best 
and Avas used extensively Avith carbol auramin is as folloAvs: 

Place a pyrex slide in cleaning solution 10 minutes; AA'ash thoroughly in running 
Avater; leave in alcohol 10 minutes; flame thoroughly; and cool. 

Add 3 loopfuls of sterile distilled Avater, 1 loopful of bacteriophage suspension, 
and 1 loopful of pea nodule organism, using a 24-hr culture incubated at 30 C in t le 
sauerkraut-caleium-glycerophosphate medium of Campbell and Hofer (1913). 

Spread over surface of slide and let stand to dry. . • -t ii 

Before the slide is completely dry, add another portion of bacteria simi ar to 
one described above, and spread. 

Allow to dry. . , 

Flood slide with carbol auramin (auramin, 0.3 g; phenol, 3.0 g; disti e na e , 

100 ml) and alloAV to stand for 10 minutes. 

Blot dry. 
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A more concentrated solution of carbol auramin has sometimes been sub- 
stituted for the one above (0.25 g auramin; 1.0 g phenol; 10 ml distilled water). 

Examination of the preparation is made by the use of an H-4 mercury arc as 
the source of ultraviolet and an ordinary microscope fitted xvith an aluminum 
reflector instead of the usual mirror. No filter was used, as it was not known in 
what color the partieles might fluoresce, and use of a filter would exclude the rays 
of colors other than that of the filter. 

Modified acid-fast slain. For observing the particles by ordinary light, a 
number of different stains were tested. One of the most helpful procedures 
was a modification of the ordinary acid-fast stain commonly used for the tubercle 
organism. The particular technique that was finally developed resulted from 
application of the results of Henry and Stacey (1943) and Bartholomew and Um- 
breit (1944), who reported that organisms which retain the crystal violet of the 
gram stain are able to do this because of the presence in the cell wall of the 
magnesium salt of ribonucleic acid. Researches of that time (Northrop, 1938; 
Hoagland, 1943; Bawden, 1945) indicated that virus protein contains a com- 
paratively high proportion of this compound. Since, among bacteria, acid-fast 
strains are gram-positive, it seemed that acid fastness might be associated with 
this characteristic. At any rate, it seemed worth while to find whether tech- 
niques which favored retention of the crystal violet of the gram stain would act 
the same way for acid-fast particles. Because of the extremely small size of 
these, it was necessary to devise a solution which would decolorize the relatively 
large bacterial cells, but not the extremely small particles. For this reason, in 
the development of the decolorizing solution, when the proper quantities of 
alcohol, water, and hydrochloric acid had been determined, varying quantities 
of magnesium were added. As suggested above, the presence of this element 
in the solution did seem to exert a protective action upon the dye in the particles 
durmg the process of decolorization. 

The final procedure that was adopted is as follows : 

Prepare slide with distilled water, bacteria, and bacteriophage as for the auramin 
stain above. 

Stain 10 minutes with Ziehl’s carbol fuchsin (10 ml saturated alcoholic basic 
fuchsin and 90 ml of 5 per cent phenol). 

Wash gently with running water. . . , 

Dip directly into, and agitate gently in, a decolorizing solution (consisting of 
equal parts of alcohol and distilled water with sufiBcient HCl to make an n/5 solu- 
tion of the mixture, and MgCfi sufficient to make an n/10 solution of Mg) ; remove 
after 3 to 5 seconds. 

Agitate gently in distilled water in a staining jar for 3 to 5 seconds. 

Remove and, without drying, flood with sufficient 1 per cent aqueous met y ene 
blue to replace the excess water. Allow to act for 20 seconds, wash in running 
Water, blot dry, and examine. 

The addition of the cells just before the drying of the preparation was helpful 
for observation of the bacteria since it provided whole cells in which the l^ic 
process had not begun, visibly, to affect the structure. Consequently, these 
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could be distinguished sharply from the other material on the slide, and their 
presence gave a better indication of how the stain was working. 

Modified flagella stain. In the above procedure, acid and alcohol were used to 
decolorize, and the acid-fast compounds were evidently at the same time pro- 
tected by the presence in the decolorizing solution of magnesium. Similar 
variations of the Hofer and Wilson (1938) flagella stain were attempted. The 
most suitable procedure proved to be the following: 

Prepare slide with bacteria, bacteriophage, and water, as described. 

Mix 5 ml saturated, aqueous potassium alum, 2 ml saturated, aqueous mercuric 
chloride, 2 ml 20 per cent tannic acid, and 0.4 ml saturated alcoholic basic fuchsia. 
Filter through a double thickness of filter paper. Apply to slide for 8 to 10 minutes. 

Wash in running water and dry in air. 

Stain 5 minutes with Ziehl’s carbol fuchsin. 

Wash gently with running water. 

Place directly, with gentle notation, into decolorizing solution (as above, but 
without magnesium) for 3 to 5 seconds. 

Place in a staining jar of distilled water and agitate gently for 3 to 5 seconds. 

Eemove and flood with 1 per cent aqueous methylene blue sufficient to wash off 
the water, and allow the dye to act for 20 seconds. 

Wash in running water and blot dry. 

STAINING RESULTS 

Carbol auramin. The first tests of the carbol auramin stain were made in 
December of 1943 and January of 1944. It was foimd that in aqueous solution 
auramin alone was not suitable, and that if even small amounts of alcohol were 
used the results were not satisfactory. Even washing with water tended to 
weaken the glow of the particles. Only in the presence of carbol auramin, used 
as described above, was it possible to see bright particles, usually occumng 
singly, but sometimes attached to the cells or inside them. 

Under the ordinary microscope, with the preparation irradiated by ultra- 
violet, these appeared as innumerable tiny, glowing points. Some were large 
enough to be seen plainly, but others were barely visible. The preparation ap- 
peared much like the heavens on a very dark night, with some stars appeanng 
bright and others only weak. In contrast to this, the bacteria on the slide ap- 
peared as very dim, hardly visible, lemon-yellow bodies without any brilliance 
whatsoever, except as one of the bright points might happen to be attached to a 
cell or as it might develop some acid fastness of its own during the l 3 dic process. 

While auramin is the only fluorescent dye so far found to yield such results, 
it has given them many times. Although stains with auramin do not always 
result in the demonstration of these bodies, it is stfll true that good resulto are 
frequent, and that the best preparations are made with freshly prepared auramin 

solution. _ v, 1 for 

There are two advantages of this procedure. One is the simple .. , 

staining the preparation, and the other is the ease of demonstrating the 
Even though a weU-darkened room is necessary for demonstration, ^ 
eyes are adjusted to this condition, the glow of the tiny particles can e sc 



1947] 


BACTEKIOPUAQB UNDER ORDINARY MICROSCOPE 


787 


distinctly. Disadvantages are that some slides fail to show the presence of 
particles even when they are present, and that some strains of bacteria, even 
without added bacteriophage, show these glowing points. 

Modified acid-fast slain. Preparations of cells undergoing lysis, stained with 
Ziehl’s carbol fuchsin, decolorized by the method given above, and counter- 
stained with methylene blue, showed, when e.xamined by the ordinary daylight 
lamp, four types of material. There were blue cells of bacteria, red particles, 
brownish yellow partially lysed bacterial protoplasm, and structures whose 
identity is not known. 

The cells, before the lytic process had begun, were regular in shape, as shown 
in figure 3a, and they were usually blue. The color tended to vary somewhat, 
however, depending apparently upon the severity of the decolorizing process. 
Too long a decolorization tended to remove the dye from the particles, and too 
little decolorizing left the cells with some red color. 

The particles increased in size in the presence of living bacteria, and they 
stained particularly sharply following their formation in the newly lysed cell. 
By the use of a slide having many kinds of material on it, a diversity of acid-fast 
particles became apparent. Though many of the red particles were of the same 
shape as those shown under the electron microscope (appearing like dumbbells 
cut in two through the middle of the handle), a greater number appeared round. 
This may have been due to position, since the tail is only visible when extended 
horizontally, but there is the possibility that some particles may not have a tail. 
This is particularly true of the smaller ones. The particles ranged from the 
largest acid-fast ones, which were fully half a micron in size, to the smallest 
particles, which appeared to be about one-tenth that size, or even smaller. All 
were numerous, acid-fast, and easily seen; furthermore, they were practically 
never seen on preparations made from bacteria alone. It is only when bacterio- 
phage is added and the culture allowed to stand a while that a great profusion 
of very small, acid-fast bodies is seen. 

An interesting point in connection with the staining of these bodies is the fact 
that cells can seldom be seen with particles attached, as they appear under the 
electron microscope. When these are seen, as often as not the particles will not 
be acid-fast but, rather, blue, like the cell. On the assumption that these 
particles actually are the bacteriophage particles, it is possible that upon at- 
tachment to the cell there is an interchange of protoplasm, with the result that 
some of the acid-fast material enters the cell, and some of the cell protoplasm 
outers the bacteriophage particle. It is interesting that both d’Herelle and Pij- 
per failed to see particles attached to the outside of the cell as these appear under 
the electron microscope. Apparently, the ordinary microscope does not show 
these structures well, or they may have been induced in greater numbers than 
usual by the centrifugation to which the bacteriophage was subjected before 
ex^ination under the electron microscope. 

The modified acid-fast stain possesses a great advantage, however; althoug 
preparations vary in quality, the results are usually sufiBciently satisfactoiy to 
® uu detail not evident by any other method now at hand. Photographs taken 
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of material stained by this method are shown in figure 3. These show nomial 
cells, the particles under investigation, and cells that are progressively to a greater 
extent destroyed by the action of the lytic agent. Another advantage of the 
method is that, although, in general, it shows structures like those evident under 
the electron microscope, these differ in color and can, therefore, be differentiated 
one from another. The only disadvantage is that the color differentiation is 
not always as sharp as it should be and that the cells sometimes appear smaller 
than they do by other techniques. 

Modified Jlagella slain. For purposes other than research, or for the beginner 
in the field, this is the best stain. Even for research, it occasionally gives results 
comparable to those obtained with the acid-fast technique. While the pro- 
cedure is somewhat complicated to use, the results are uniformly good. The 
colors are much like those in the acid-fast stain, but the differentiation among the 
different kinds of material is sharp. There is no running together of colors as in 
the acid-fast stain, the cells appear large and blue, and the particles are large 
and red. The great disadvantage of the technique is that it is only rarely that 
the smaller particles are visible. For demonstration purposes, however, this 
feature is advantageous. 

PHASE iHCROSCOPE STUDY 

There remained one question is regard to this work, namely, whether the 
particles seen through the microscope or shown by the electron microscope are 
actually bacteriophage. Despite the fact that from all indications they were 
bacteriophage and that there was no other satisfactory explanation, there was no 
proof that these bodies were bacteriophage. Evidence concerning this point 
was obtained through the use of the phase microscope recently developed by the 
American Optical Company of Buffalo, New York, and kindly loaned to the 
author by Mr. A. H. Bennett of that company. 

By use of this instrument for the examination of living bacteria it was seen that 
the characteristic particles mentioned above bring about certain changes in the 
bacteria studied that result in destruction of the cells. Furthermore, in some 
cases, individual particles could be seen to become attached to individual cells, 
to develop thereon, and finally to destroy the cells. In one case in which pho- 


Fig. 3. Photographs op Bacteria and Bacteriophage, Stained by the Mowfied 
Acid-fast Method, as Seen Through the Ordinary Microscope. X 1,700 

(Photographs obtained through the co-operation of Dr. O. \V. Richards, of the American 
Optical Co.) 

A. Cells of Rhizobium leguminosarum, the pea nodule organism. 

B. Particles of bacteriophage. 

C. Bacteriophage particles attached to cells. .. . . 

D. Baeteriophage particles attached to cells, with appearance of abnormalities in s 

ture due to the action of bacteriophage. . . , 

E. Partially lysed cells showing development of new bacteriophage particles. • „i 
P. Cells in which the lytic process is well advanced (in two of the cells tne y 

bacteriophage particle to make contact with the cell is still attached). „„,„,.innlia!'e 

G. Outlines of old cells in which are seen the newly formed acid-fast na P 
Particles 

H. Structures of unknown origin and function which are frequently seen. 

I. Acid-fast particles remaining after lysis of the cells. 
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tographs were taken, the particle when first seen was 4 or 5 microns from the 
cell. The two united; the particle appeared to become smaller with a long, 
slender attachment to the cell; and for a period of perhaps 20 minutes 
there seemed to be an interchange of material between the two. Then the 
particle enlarged many times, and this process of growth continued until the 
bacterial cell wall burst and protoplasm oozed out of the cell to such an extent 
that the particle was hidden from view. Even then the protoplasm continued 
to flow until apparently all that was in the cell had been lost. 

Following observations of this nature, it was possible to re-examine stained 
slides and to see on them structures which had not been noticed previously, or 
which had been seen but not recognized. These were characteristic of the 
different stages through which the cell and its attached bacteriophage may pass 
during the process of lysis, and were clearly visible in the stained preparations. 

As a result of the work with the phase microscope, therefore, it is evident that 
the particles that are present in suspensions of bacteriophage for Rhizobium 
leguminosarum, and that can be seen under the electron microscope or in suitably 
stained preparations, are bacteriophage, as shown by the fact that they do lyse 
bacteria. 

STJMRURY 

Experiments were begun (1) to find whether the small particles present in 
bacteriophage preparations and shown by the electron microscope could be 
stained and made visible under the ordinary microscope, and (2) to learn, if 
possible, whether these particles are, indeed, bacteriophage. The work of the 
author and of Luria, Delbriick, and Anderson (1943) showed that these particles 
have a diameter greater than that of bacterial flagella. 

Bacteria for inoculating peas and bacteriophages 'specific for these bacteria 
were used in these investigations. 

Three staining methods, each having its own advantages and disadvantages, 
were developed for demonstrating these particles under the ordinary microscope: 

(1) staining with carbol auramin and examining under ultraviolet irradiation, 

(2) a modification of the Ziehl-Nielsen acid-fast stain, and (3) a modification of 
the Hofer and Wilson (1938) flagella stain. 

It has been shown that the particles in question are ordinarily acid-fast. 

By staining preparations of various ages, it became apparent that the particles 
enlarge in size in the presence of bacteria; that they increase in number as the 
bacterial cells decrease; and that the particles developing in the partially lysed 
cells and showing in the zones where bacterial cells have been before lysis has 
occurred stain particularly sharply. 

Using the newly developed phase microscope, it has proved possible to see f ic 
same particles unstained while they are still in living condition. In this \vay, 
it is possible to see and to photograph the successive stages of lysis, t le iin^ 
mobilization of the cells; the appearance of the larger, i.e., visible, bactenop laa^’ 
particles; union of these with the cells; the preliminary diminishing of t le .size 
of the granules subsequent to attachment to the cells; and, immeciatc> 
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lowing, the increase in size of the former at the expense of the cells, until the 
latter burst and the protoplasm flows out. Finally, there is development within 
the cell protoplasm of new bodies similar to the original granules. These ob- 
servations seem to demonstrate that the particles under observation actually 
are those of bacteriophage. 

Furthermore, after observing under the phase microscope the various stages 
of lysis, it was possible to re-examine under the ordinary microscope preparations 
made by the acid-fast technique and to locate therein structures that had pre- 
viously been seen only under the phase microscope. This demonstrates both 
the existence of the bacteriophage particles and the usefulness of the ordinary 
microscope for seeing them. 
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The solutions tested comprised the following: 

Urea peroxide (4 per cent) in glycerol. 

Urea peroxide (4 per cent), 8-hydroxyquinoline (0.1 per cent) in glycerol (gly- 
cerite of hydrogen peroxide). 

Hydrogen peroxide (1.46 per cent) in glycerol (corresponding to a 4 per cent 
urea peroxide solution). 

Hydrogen peroxide (1.46 per cent), 8-hydroxyquinoline (0.1 percent) in glyc- 
erol. 

Merbromin (N. F), surgical 2 per cent and solution (aqueous) 2 per cent. 

Merseptal, tincture, 1:500, and aqueous, 1:1500. 

Mercurochrome, surgical 2 per cent, and solution (aqueous) 2 per cent. 

Mercresin, tincture, 1:1,000. 

Merthiolate, tincture, 1:1,000, and aqueous, 1:1,000. 

Metaphen, tincture, 1:200, and aqueous, 1:500. 

The controls consisted of “tincture solvent” (ethyl alcohol 50 per cent; acetone 
10 per cent; water 40 per cent), glycerol, glycerol saturated with urea, and 8-hy- 
droxyquinoline (oxine) 0.1 per cent in glycerol. Under the conditions of the test, 
the control solutions, with the exception of the o,xine in glycerol, showed negli- 
gible effect, as indicated by a failure to demonstrate a zone. The results with 
the oxine solution are shown in the tables. 

The following bacterial species are reported upon in this paper: Staplnjlococcus 
aureus (FDA209); Staphylococcus albus, coagulase-positive; Staphylococcus 
pharyngis; Streptococcus liquefaciens, alpha hemolytic; a diphtheroid; Bacillus 
subtilis; Escherichia coli, var. communior; Proteus mirahilis; Pseudomonas aerugi- 
nosa, and Aerobacter cloacae. The organisms were, with the exception of Staphy- 
lococcus aureus (FDA209) which came from the Food and Drug Admmistration, 
strains freshly isolated from lesions of clinical interest. Other strains of or- 
ganisms and of streptococci and staphylococci, in particular, were examined. 
Only one of each is included here, since the others gave essentially the same re- 
sults, although the clinical strains of Staphylococcus aureus tended to be slightly 
more resistant to some of the mercurial solutions. It is intended to report, at a 
later time, a statistical examination of the results obtained with a number of 
strains of different organisms as affected by different antiseptics. All organisms 
demonstrated the characteristic biological reactions as given by Bergey ei ol. 
(1939). The Bacillus subtilis strain used is apparently not a very resistant 
strain, since solutions which show little or no action against other bacteria show 
a definite zone with this strain. 

A cylinder agar plate method was used, since its prototype, the agar cup p te, 
has been suggested as a method for testing substances used for prolonged c imca 
application. Harris and Prout (1940) considered that this type of metho gave 
a somewhat better correlation between in vitro and in vivo applications than some 
other methods, although there is some disagreement on this score. The me o 
was essentially as follows: 

Difco glucose agar, with or without 10 per cent added horse serum, 
inoculated with 0.2 ml of an undiluted 22- to 26-hour glucose broth cu ture o 
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organism, for each 25 ml of melted agar. The inoculated agar was then dis- 
pensed in 25-ml amounts into sterile 100-mm petri dishes with unglazed clay 
covers. After hardening of the agar, slightly warmed “penicylinders” of 8-mm 
outside diameter, the rims of which had been paraffined, were placed on the sur- 
face of the agar. The solution to be tested was then pipetted in 0.2-ml amounts 
into the cylinders with a sterile pipette. The plates were immediately placed in 
the incubator at 37 C and incubated for 18 hours. At the end of this time, the 
plates were removed and subcultures of approximately 3 mm in cross section were 
taken at intervals of 1 to 3 mm radially and placed in modified Brewer’s thio- 
glycolate medium (Baltimore Biological Laboratories, list 135). The subculture 
tubes were then incubated at 37 C until growth occurred, or for at least 7 days. 
Before the subcultures were discarded, those tubes showing no growth were 
reinoculated with a small inoculum (50 organisms or fewer) of the same strain 
tested and incubated for 3 days, or less if growth occurred sooner. This tech- 
nique determined that the test solution was not carried over into the subculture 
tubes in amounts that were inhibitive to growth of normal bacteria. 

After subculturing, the distance of the outer edge of the clear zone (if any) 
from the outer edge of the cylinder was measured to the nearest 0.5 mm and re- 
corded for each test. At the same time, the distance from the edge of the cyl- 
inder of the inner and outer edge of the indentation left by the removal of 
materials for subculturing was measured and recorded. Because of space limi- 
tations, the tables show only the average distal measurements of the subculture 
area closest to the cup that showed growth in the subculture tube. This ob- 
viously favors the antiseptic. At least three, and in some cases more, replicate 
tests were made with each antiseptic solution. 

The values in the tables have been rounded off to the nearest whole number, 
since this is sufficient for comparative puiposes. Table 1 lists the zones obtained 
with gram-positive organisms, and table 2 those obtained with gram-negative 
organisms. The first column (A) indicates the apparent visible zone, and the 
second column (B) the zone as determined by subcultures for plates without 
serum. The corresponding values for plates containing 10 per cent horse serum 
are given in columns (C) and (D). In addition to the visible changes as shown 
by the zones, there are a number of miscellaneous observations which may be of 
interest in relation to the possible modes of action of the antiseptics on the or- 
ganisms tested. These are given briefly, in order that the record may be com- 
plete. 

Opaque zones within the zones of apparent inhibition were noted in the case 
of the following: surgical merbromin with S. pharyngis and E. coli in scrum 
plates; aqueous merbromin with staphylococci in both serum and plain plates; 
surgical mercurochrome with some organisms, particularly the staphylococci. 
Control plates without organisms show no opaque zones, either with or without 
serum. The opacity may be due to acid formation by the organism with con- 
comitant precipitation of constituents of the solution. 

Increased absorption of pigment at the edge of the zone of inhibition was 
showm by Aerobacier cloacae with surgical merbromin and by P . aeruginosa with 
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aqueous merbromin, tincture of mercresin, surgical mercurocbrome, tincture of 
merseptal, and aqueous merbromin. Increased colony size distal to the area of 
inhibition was shoBTi by P. aeruginosa nutb aqueous merbromin and tincture of 
metaphen, and by Proteus mirabilis with tincture of Merthiolate. Raised wet 
growth (mucoid) appeared in the case of Aerobacter cloacae with surgical mer- 

TABLE 1 

Comparison of action of glyceriie of hydrogen peroxide and mercurial antiseptic solutions 


on gram-positive organisms 


GLYCEBOlISOLtmONS 

i 


s. Axntups 

S. ALBOS 

S. 

mtSYKCIS 

s. 

UQUETAaESS 

niPHTBBSOXD 

B. SUBTIUS 

A* 

B 

c 

D 

A 

B 

c 

D 

A 

B 

C 

D 

A 

B 

c 

D 

A 

B 

C 

D 

A 

B 

c 

D 

Urea peroxide + oxine 

Gt 

13| 

13 

13 

11 

19 

20 

14 

13 

13 

E 

9 

12 

11 

15 

S 

12 

16 

12 

14 

11 

13 

1 13 

1 11 

1 11 

Urea peroxide 

G 

H 

13 

13 

10 

IS 

IS 

11 

12 

12 

12 

9 

9 

10 


8 

8 

15 

13 

17 

5 

13 

13 

? 

7 

Hydrogen peroxide + ' 

G 

13 

lo 

17' 

9' 

22' 

23 

20 

17 

12 

15 

7 ’ 

12 

11 

lE 


10 

9 

12 

5 

5 

13 

13 

11 

14 

oxine 


1 

1 












1 










6 

Hydrogen peroxide 

G 

13 

m 

a: 

s' 

IS 

18 

11 

12' 

E 

4' 

7' 

7 

12' 

1 


5 

12 

13 

g 

6 

14 

13 

9 

n 

Oxine alone 

G 

10 

1 

a 


7| 

15| 

w 

lOi 

11 


4| 

2 


6 

3 

5 

2 

16 

8 

a 

5 

15 

16 

13 


UZKCDUAL SOLtmOKS 




1 






! 















I 

Merbromin 

T 

12 

la 


12 

15 

15 

J® 

13 

a| 

6 

a 

a 

8 

5 

6 

a 

13 

13 

1 8 

13 

i 

15 

17, 


Q 


A 

a 

11 

5 

4 

7 

5 

3 

5 

1 

4 

4 

4 

6 

5 

2 

2 

1 8 

8 

! 6 

5 

9 

12 

5 

D 

Mercresin j 

T 

11 

10, 

7; 

8 

14 

13 

7 

m 

1 

5 

a 

< 

7 

a 

i 

; 5 

5 

16 

15 

10 

13 

15 

15 

12 

!» 

Meicurochrome ' 

T 

m 

i o' 

8' 

11 

14 

13 

7 

8 


5 

5 

1 4 

6 

3 

5 

I 5 

< 11 

13 

6 

8 

10 

13 

7 

' 10 

] 

A 

6 

■ 


7 

s 

6 

G 

8 

i 

4 

3 

4 

6 

4 

3 

2 

8 

9 

5 

8 

8 

11 

5 

s 

Merseptal 

T 

12 

1 


4 

16 

15 

1 ^ 

7 

1 

1 5 

5 

4 

9 

6 

6 

4 

m 

14 

0 

11 

15 

16 

11 

10 


A 

2 

i 


, 4 

1 

18 

1 ® 

9 

10 

3 

5 

3 

g 

5 

5 

3 

13 

14 

7 

11 

15 

15 

9 

8 

Methiolate 

T 

la 

11 

10 

6 

21 

15 

11 

8 

9 

7 

6 

5 

8 

5 

5 

5 

25 

13 

7 

8 

23 

17 

IS 

15 


A 

la 

4 

10 

3 

21 

9 

12 

> 3 

9 

3 

6 

3 

9 

4 

7 

3 

19 

5 

u 

15 

17 

15 

U 

11 


G 

15 

5 

8 

3 

17 

7 

m 

3 

7 

3 

3 

3 

8 

3 

1 

3 

IS 

4 

9 

3 

13 

7 

7 

6 

Metaphen 

T 

■ 

u 

9 

6 

12 

n 

8 

8 

6 

8 

6 

5 

8 

10 

7 

7 

11 

12 

6 

n 

14 

15 

n 

12 


|a 

i 

5 

5 

5 

13 

12 

7 

7 

9 

3 

4 

3 

8 

6 

1 

3 

11 

13 

7 

9 

11 

13 

6 

6 


Zones were measured radially, in mm, from the edge of cylinder to the edge of clear zone. 

• Column headings: A = apparent visible zone ol inhibition — no scrum; B — zone aa detenmned by subc 
no serum; C = apparent visible zone of inhibition— 10% serum; D — zone as determined by subculture 10% scrum. 

t Abbreviations: T » tincture; A « aqueous; G ~ glycerol. 

. romin and glycerite of merthiolate, and with B. sublilis with surgical mercuro- 
chrome. 

Changes in pigmentation were observed with P. aeruginosa, normally a blue- 
green culture, with the following: surgical merbromin showed an increased pro- 
duction of pigment; aqueous merthiolate produced a 2-mm zone of decrease 
pigmentation; glycerite of merthiolate caused a 6-mm pmk zone; tincture o 
metaphen showed a 3-mm yellowish zone followed by a 4-mm pink zone is a 
to the yellow zone. 
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The glycerol solution of the urea peroxide and oxine resulted in a zone of raised 
wet mucoid growth in the case of Acrobacler cloacae. The organisms within the 
zone were coccoid in nature instead of the normal, small, rodlike shape. In one 
series of subcultures they maintained this characteristic for several transfers. 
With the same solution P. aeruginosa showed a reaction to the antiseptic by 

TABLE 2 


Comparison of action of ghjcerite of hydrogen peroxide and mercurial antiseptic solutions on 

gram-negative organisms 


GLYOilOL SOLUTIONS 

1 

E. COU 1 

P. UI&ABILIS 

P. 

AERUGINOSA 

AESOBACTER 

CLOACAE 

A* 

B 

C 

D 

A 

B 

c 

D 

A 

B 

c 

D 

m 

la 

m 

IQ 

Urea peroxide -f oxine 

G‘ 

7 

6 

6 

7 

10 

9 

7 

7 

5 

3 

4 

4 

8 

10 

8 

8 

Urea peroxide 

G 

5 

5 

9 

5 

7 

6 

7 

6 

4 

3 

4 

5 

6 

6 

6 

9 

Hydrogen pero.xide o.xine 

G 

4 

5 

B 

3 

7 

6 

6 

3 

5 

3 

4 

3 

6 

6 

7 

7 

Hydrogen peroxide 

G 

3 

3 

B 

6 

5 

3 

5 

6 

1 

2 

1 

3 

6 

6 

6 

6 

Osine 

G 

4 

3 

0 

0 

7 

3 

2 

3 

0 

3 

0 

3 

6 

5 

0 

3 

icsictisuL soicmoHS 


















Merbronun 

T 

6 

18 

5 

13 

8 

18 

7 

16 

10 

14 

7 

13 

15 

15 

14 

14 


A 

4 

9 

3 

4 

6 

6 

3 

O 

5 

7 

4 

9 

3 

7 

4 

6 

Mercresin 

T 

4 


1 

7 

8 

9 

5 

B 

5 

1 

9 

5 

8 

B 

14 

8 

8 

Mercurochrome 

T 

6 

1 

3 

11 


7 

6 

8 

9 

10 

6 

i 

9 

B 

12 

8 

9 


A 

3 

5 

2 

3 


8 

4 

8 

5 

7 

5 

6 

11 

7 

4 

6 

Merseptal 

T 

6 

8 

3 

8 


6 

6 


H 

11 

6 

B 

B 

7 

6 

5 


A 

6 

10 

2 

3 


5 

4 



6 


H 


5 

4 

3 

Merthiolate 

T 


13 

5 

11 

11 

12 

7 



13 


B 

13 

13 

14 

15 


A 


6 

3 


6 

7 

6 


ffil 

8 

Hi 


11 

11 

8 

10 


G 


4 

4 


5 

5 

4 


9 

5 

7 

6 

6 

6 

6 

7 

Metaphen 

9 

D 

13 

5 

11 

9 

9 

8 

17 

10 

14 

7 

10 

7 

14 

11 

15 


9 

9 

3 

1 

3 

4 

3 

4 

3 

7 

4 

5 

5 

3 

2 

2 

3 


Zones were measured radially, in mm, from the edge of cylinder to edge of clear zone- 
* See footnotes to table 1. 


turning from a normal bluish-green culture to an emerald-green in plates without 
serum. In plates with serum, there was a yellow zone, followed by an emerald 
zone extending peripherally from the cup. 

Urea peroxide without oxine caused a deeper pigmentation in S. aureus 
cultures, with an undercutting of the clear zone. In Proteus mirdbilis cultures, 
there W'as a raised moist growth immediately distal to the clear zone. Hydrogen 
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peroxide with oxine, in gtycerol, caused a pink zone immediately distal to the 
clear zone mth P. aeruginosa, the remainder of the plate remaming an emerald 
green. 

The peroxide solutions evidently showed greater activity than did the mercurial 
solutions against gram-positive organisms. The addition of oxine results in 
somewhat greater activity of the solutions in the presence of serum, hut not much 
difference in the absence of serum. The values resulting from oxine alone are 
normally overshadowed by the effects of the hydrogen pero.xide. In addition, 
slightly more bacteriostatic action, as indicated by decreasing density of the 
colonies, is sho-nm by solutions containing oxine as compared with the solutions 
not containing the stabilizing agent. The solutions of hydrogen pero.xide in 
glycerol, without urea, demonstrate somewhat less activity than did the solutions 
with urea. It will be noted that there is apparently more effect on the bacterial 
metabolism, as shomi by variations in the t 3 T)e of growth, by the solutions 
containing oxine and urea than with hydrogen peroxide alone in glycerol. 

The alcohohc mercurial solutions showed better activity than did the aqueous 
ones. Some of the tinctures showed larger zones against the gram-negative 
organisms tested than do the peroxides. The latter, however, showed as good or 
better results when compared to the aqueous solutions of the mercurials. Thus, 
since the alcoholic solutions cannot be used on large wound areas because of the 
irritation, the glycerite of hydrogen peroxide would seem more applicable in such 
cases. Another disadvantage suffered by the mercurial solutions is the unde- 
sirability of the risk of absorption of mercury compounds. Such is not the case 
with the peroxide solutions of constituents which are nontoxic and nonallergenic. 
Tissue tolerance studies have shown them to be nonirritating on both normal and 
infected skin and mucous membranes (Brown, 1946a). 

The solutions of merbromin, in general, give consistently larger zones than do 
mercurochrome solutions. The cause of this is not immediately apparent, since 
the two are supposedly of the same concentration and of essentially the same 
composition. The answer may he, however, in the pH of the two solutions, 
since the apparent pH of the surgical mercurochrome was 9.6, whereas that of 
the corresponding merbromin solution was 8.1. The fact that both solutions 
show as good results as they do on the plates may be due to the long-continued 
action, since McCulloch’s (1945) review indicates that, as ordinarily applied 
chnically, the solutions leave much to be desired. 

SUMMARY 

When tested by a modified cylinder plate method, pero.xide-glycerol solutions, 
made from either urea peroxide or hydrogen peroxide, showed a bactenotoxic 
action on both gram-positive and gram-negative organisms. 

A greater bactericidal effect was noted with gram-positive than with gram-neg 
ative bacteria. 

The presence of 8-hydroxyquinoline in the peroxide solution did not appear 
improve significantly the bacteriotoxic action of the solution in the absence o 
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serum, but did appear to enhance the activity in the presence of 10 per cent 
home serum. 

In comparison with 12 mercurial solutions, the glycerol-peroxide solutions 
showed, in general, greater bacteriotoxic action on gram-positive organisms than 
did the mercurial solutions. The latter were, in general, the more effective on 
gram-negative bacteria. In specific cases, however, the peroxide-glycerol solu- 
tions were more efficacious than some of the mercurial solutions, particularly 
when water was the principal solvent for the mercurial compound. 
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PROCEEDINGS OF LOCAL BRxVNCHES OF TPIE SOCIETY OF 
AMERICAN BACTERIOLOGISTS 

INDLVNA BR.VNCH 

Indianapolis, Indiana, Fedroaiiy 21, 1947 


Possible Identitt of tue IIemolysin of 
Clostbididm novyi. Type B, with Lyso- 
LEciTHiN. R. C. Bard and L. S. McClung, 
Indiana University, Bacteriological Labo- 
ratories, Bloomington, Indiana. 

Preliminary study of the chemical nature 
of the toxin of Closlridium novyi, typo B, 
indicates that the hemolytic substance is 
lysolecithin. This is based upon the inhibi- 
tion by lecithinase B (the specific enzyme 
catalyzing the hydrolysis of lysolecithin) of 
the hemolytic action of the toxin of an au- 
thentic strain of C. novyi, type B. Leci- 
thinase B was prepared from old rice bran 
according to the method of Contardi and 
Etcoli. Lysolecithin was prepared by per- 
mitting dehydrated rattlesnake venom to 
react with purified lecithin obtained from 
soy beans. The rice bran enzyme com- 
pletely destroyed the hemolytic activity of 
the lysolecithin and markedly inhibited the 
hemolytic activity of culture supernatants 
of C. novyi, type B, as well as desiccated 
toxin prepared by salting out with ammo- 
nium sulfate. This was not wholly unex- 
pected in view of the general lecithinase 
activity of other clostridial toxins. 


The Longevity of B.vcterial Cultures 
Under Paraffin Oil. S. E. Harlsell, 
Purdue University, Lafayette, Indiana. 
The use of paraffin oil for the preservation 
of 242 strains of bacteria was studied. Giant 
colony growths on stab cultures of yeast 
water, veal infusion agar (5 per cent rabbit 
blood added for hemophilic species) were 
layered with sterile paraffin oil and held at 
^ C. The viability was tested at intervals 
for 63 months using media of the same type 
employed for the preservation of the cul- 
ture.- The genera, number of species, num- 
er of strains, and maximum survival time 
(in months) when last tested were as fol- 
lows: Achromobacter, 19, 33, 51; Aerobacter 
1 3, 46; Alkaligenes, 2, 2, 46; Bacillus, 10, 40 
firucelfa, 2, 2, 57; Eberthella, 1, 3, 36 


Escherichia, 1, 53, 63; Flavobaclerium, 8, 15, 
4S; Gajjkya, 1, 3, 46; Hemophilus, 1, 1, 57; 
Leuconostoc, 1, 5, 31; Microbaclerium, 1, 1, 
45; Micrococcus, 10, 19, 46; Pasteurella, 1, 1, 
57; Proteus, 1, 8, 48; Pseudomonas, 7, 10, 46; 
Salmonella, 4, 13, 39; Sarcina, 5, 11, 46; Ser- 
ralia, 3, 3, 48; Shigella, 1, 3, 46; Staphylo- 
coccus, 3, 9, 46; Streptococcus, 4, 4, 57. Of 
96 strains in a special study only 16 showed 
any variation from the original characteri- 
zation in glucose, lactose, and sucrose fer- 
mentation, and in litmus milk reactions. 
This method of preserving cultures is prac- 
tical. 

A Cup Plate Assay for Bacitracin . Don- 
ald A. Hoff, Alfred R. Stanley, and Ralph 
E. Bennett, Research Department, Com- 
mercial Solvents Corporation, Terre 
Haute, Indiana. 

A. rapid, simple method of assay was 
needed for the investigation of bacitracin 
production. The dilution type assay given 
by Meleney et al. was seriously affected by 
the presence of nutrients and solvents and 
required Seitz filtration of specimens. 

The assay devised gave heavy plate 
growth, satisfactory sensitivity, and con- 
stant organism response. The zones of in- 
hibition achieved are much sharper than 
those in the Staphylococcus aureus assay for 
penicillin. Of four sensitive organisms 
tested, the best results were obtained with a 
strain of Micrococcus flavus, isolated from 
the air, which gave zones measuring 11 mm 
in diameter at a potency of 0.1 u per ml, and 
21.0 mm at a potency of 4.0 u per ml. The 
slope of the response curve was 1.9 mm in- 
crease per doubling of dose. When seeded 
and dosed plates were refrigerated for 16 
hours, the response curve became 3.2 mm 
per doubling of dose, thus comparing favor- 
ably to the penicillin cup plate assay. 

The Action of Proflavine on Bacterio- 
phage Multiplication: A Method for 
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THE Stctot of Inhibitors of Virus 
Growth. Ruth A. C. Foster, Bacterio- 
logical Laboratories, Indiana University, 
Bloomington, Indiana. 

Metabolic inhibitors of bacteriophage 
growth, as a general rule, show a strictly 
parallel action on growth of phage and mul- 
tiplication of bacteria . It has been reported 
by Fitzgerald, however, that some acridines 
are potent phage inhibitors in the absence of 
inhibition of bacterial growth. This obser- 
vation seemed to be of sufficient interest to 
warrant reinvestigation with a technique 
allowing a single cycle of phage infection 
and liberation to be analyzed. Using the 
one-step growth technique (Delbriick and 
Luria), we studied the action of proflavine 
and atabrin on the multiplication of phage 
Ts on Escherichia coli, strain B, in a glucose 
salt medium. It was found that increasing 
concentrations of proflavine cause a pro- 
gressive reduction of phage yield per cell, 
followed by a complete suppression of liber- 
ation. Dilution removes the inhibitory ac- 
tion, provided the exposure of the infected 
bacteria to the proflavine has not been con- 
tinued too long. Antagonism of proflavine 
can be produced by nucleic acids, as previ- 
ously reported, and by other substances 
that serve as nutrients. Since it was found 
that the concentrations of drug which in- 
hibit phage growth and bacterial growth 
differ merely by a factor of two, it was con- 


cluded that this group of substances docs 
not offer much promise as specific rirus 
inhibitors. 

R.4.T Bite Fe\’eb due to Streptob.\ciu.us 
MONiUFORMis. Edith Haynes, Indiana 
University Medical Center, Indianapolis, 
Indiana. 

Sireptobacillus moniliformis was cultured 
from the blood of three children with rat 
bite fever. The blood of each patient was 
e.xamined by dark-field for Spirillum minus, 
but this organism was not found. Guinea 
pigs and mice inoculated with blood of the 
patients were examined at intervals over a 
period of several weeks for spirilla, but none 
were found. These patients were treated 
with penicillin. Two of them made a 
prompt and complete recovery. The third, 
after discharge from the hospital, continued 
to have an elevated temperature and arth- 
ralgia for 3 weeks. The following month 
there was no fever and only occasional epi- 
sodes of pain in the arms and legs. This 
patient had not been under treatment with 
penicillin so long as the two earlier cases. 

Histoplasmosis. C. G. Culbertson, Eli 
Lilly Company, Indianapolis, Indiana. 

The Nonfruiting Myxobacteria. R. /. 
Stonier, Indiana University, Blooming- 
ton, Indiana. 


EASTERN PENNSYLVANIA CHAPTER 

One Hundred .‘Ind Ninety-second Meeting, Philadelphia 
County Medical Society Building, February 25, 1947, 
Philadelphia, Pennsylvania 


Relation of Diet to Poliomyelitis in 
Mice. J. H. J ones and C. Foster, Depart- 
ments of Physiological Chemistry and 
Pediatrics and the Children’s Hospital, 
University of Pennsylvania, Philadelphia, 
Pennsylvania. 

Studies ox the Susceptibiuties to 
Typhus of Rats on Deficient Diets. 
Florence K. Fitzpatrick, Virus Depart- 
ment, Medical Research Division, Sharp 
and Dohme, Glenolden, Pennsylvania. 
Studies aimed at correlating diet and sus- 
ceptibility to typhus are being conducted 
in an attempt to explain the high mortality 


which occurs when this disease attacks mal- 
nourished populations. Weanling rats are 
being subjected to various deficient diets 
for periods of 6 weeks. The diets are plan- 
ned, not to produce drastic deficiencies, hut 
rather to mimic dietary conditions as they 
might e.xist in different parts of the world. 
It has been found to date that diets low in 
protein, or low in vitamins of the B complex, 
or both, render rats much more susceptible 
to murine typhus than are controls on a 
complete diet. In paired feeding experi- 
ments, curtailment of the B complex yta- 
mins greatly increased si^ccptibilit) ■ 
Experiments are under way m which or.- 
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member of the complex at a time is reduced 
to in optimal level. A comparisou of natural 
and synthetic diets will be made, and the 
effect of low calorie consumption will be 
studied. 


Constitutional Phtsioloqy as Seen in 
Insanity. S. dc W. Ludlum, Department 
of Psychiatry, Graduate School of Medi- 
cine, University of Pennsylvania, Phila- 
delphia, Pennsylvania. 


WASHINGTON BRANCH 
Washington, D. C., Februaby 25, 1947 


Rickettsiostatic Effect of Strepto- 
mycin in Experimental Infections. 
Joseph Smadcl, Elisabeth Jackson, and 
Ross Gauld, Army Medical School, Wash- 
ington, D. C. 

Streptomycin had rickettsiostatic effect 
in embryonated eggs with R. prowazeki, R. 
mooseri, or R. rickettsi, but none with R. 
orienialis in the doses employed. Amounts 
as small as 1.0 mg per egg produced signifi- 
cant effect, although actual prolongation of 
life was not great. Administration of 10 
mg per egg resulted in a distinct lengthening 
of life of embryos infected with three sus- 
ceptible organisms. 

Experiments using streptomycin of vary- 
ing purity and other experiments in which 
bacteriostatic activity of the drug was re- 


duced by semicarbazide indicated antibac- 
terial and antirickettsial effect went hand in 
hand. Most striking prolongation of life 
was obtained in eggs treated with 10 mg 
streptomycin and 0.5 mg paro-aminobenzoic 
acid. Ten mg streptomycin and 0.5 mg 
nitroacridine also displayed a synergistic 
effect with two of the organisms. 

Neither tryptophane nor folio acid and its 
related compounds had any demonstrable 
effect on the growth of riokettsiae in em- 
bryonated eggs. 

Some Postw'ab Problems in Testing Dis- 
infectants. L. S. Stuart, Insecticide 
Division, Livestock Branch, U. S. De- 
partment of Agriculture, Beltsville, Mary- 
land. 
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DETECTION OF THE 


Typhoid-Dysentery 


GROUP 

Bacto-S S Agar 

is a new selective medium especially designed for use in isolation of 
- fastidious Shigella and Salmonella strains. The selective action 
of this medium restrains to a large extent the development of 
coliform bacteria with minimum restriction of fastidious strains 
of the typhoid-dysentery group. Because of the inhibitive action 
of the medium on coliform bacteria, it is possible to inoculate the 
medium heavily with feces thereby greatly increasing the chance 
of positive isolations from samples containing very few pathogens. 

Bacto-Bismuth Sulfite Agar 

is a highly selective medium for isolation of Eberthella iyphosa. 
The imusual selective properties of this medium ^permit tlie use 
of large inocula of feces and other sus^jected material without- 
overgrowth of extraneous intestinal bacteria:, 

Bacto-MacCpnkey Agar 

is an excellent difierential medium for use in conjunction with 
Bacto- S S Agar- and Bacto-Bismuth Sulfite Agar. This medium 
supports rapid and luxuriant growth of even the most fastidious 
, strains of the typhoid-dysentery group. Although MacCohkey 
Agar does not inhibit coliform bacteria’ it does afford excellent 
differentiation of colonies of pathogens from those of the lactose 
fermenting bacilli. 

Bacto-Tetrathionate Broth Base 

is recommended for the preparation of Tetrathionate Broth to 
be used as an enrichment medium in the isolation of intestinal 
pathogens from stools and other suspected material. It is an 
excellent aid in detection of carriers and in determining the release 
of patients. 
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